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M“. and more important fabricators, who regularly specify Murex electrodes to 
obtain superior welds, are discovering there are extra dividends when M & T 


accessories are on the job too. 

Top quality M & T holders, helmets, shields, connectors, cleaning tools, protective 
clothing and other essentials in the line are worthy teammates of Murex with proved 
performance records. Together they provide improved, safer, more economical, speedier 
welding. 


Write for literature describing M & T arc welding accessories in detail. 
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HOBART ARC WELDING ELECTRODES 


Utmost care and consideration should be given to 
the selection of quality electrodes. Deposited weld 
metal made by Hobart Electrodes is uniform, free 
from porosity and other imperfections, giving an 
excellent weld surface of fine grain structure and 
are of high ductility and strength. 


Get your copy of this brand | 
new HOBART ARC WELDER free 
CATALOG showing newly de- ° 
veloped machines! It's FREE! 


extra liberal ampere capacities 


MORE for your money... 


This new and improved AC welding transformer per- 
mits use of larger electrodes and higher welding cur- 
rents, which increase welding speeds as much as 30%. 
Since there is virtually no magnetic “arc blow” with the 
Hobart Industrial AC, high quality welds are assured 
even when welding in deep grooves, corners, and simi- 
lar difficult locations. 

Current adjustments are quickly made by turning the 
hand wheel on top of the unit. An exceptionally large 
current indicating scale of translucent plastic, illumi- 
nated from within by a 110 volt lamp, makes it easy tc 
read the current setting from a distance in either light o1 
dark locations. No other AC welder on the market will 
compare with Hobart’s advantages for faster, lower cost 
welding. Write today for complete details and specifica- H 
tions! Hobart Brothers Company, Box WJ-19, Troy, Ohio. 


Combination Weider & Power 


Tronsformer Type A.C. 


" “ONE OF THE WORLD'S LARGEST BUILDERS OF ARC WELDERS” 


Weldmobile (Self-propelied) AC-AC Ges Drive Welder, Power AGAC Welder, 


Hobart Brothers Company,Box WJ-19, Troy, Ohio 


Please send me complete information on items checked below. | especially want 
to know about the new Hobart Industrial AC Arc Welder. 


“Build Your Own'’ Welder Industrial AC Welder 
[| Welder & Power Combination (| “Weldmobile’’ Self Propelled 
[_] Electric Motor Driven Welder [ ] AC-AC Gas Drive Welder and Power Unit 
Gas Drive Portable Welder AC-AC “Build Your Welder & Power 
“Build Your Own'’ Welder & Power Electrodes 
[| AC Shop Welder [| New Welder Catalog 
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HASTE 


TRADE-MARK 


FOR METAL-SPRAYING, 
WELDING, and FABRICATED 
WIRE PRODUCTS 


Hasre voy nickel-base alloys, in the form of drawn wire, 
are available for the fabrication of corrosion-resistant screen, 
cloth, and baskets. The wire is also excellent for metal-spray- 
ing and for many types of automatic welding and hard-facing. 


HaAsTeE..Loy alloys have a tensile strength comparable to 
that of the high-strength alloy steels, and possess unusual 
strength even at elevated temperatures. These alloys are 
specially designed to withstand the most severe conditions 
of chemical corrosion. Nickel-molybdenum alloy B is particu- 
larly resistant to hydrochloric and sulphuric acids, many 
organic acids, and all alkalies. Alloy C, a nickel-molybdenum- 
chromium-tungsten-iron composition, has excellent resist- 
ance to strong oxidizing agents, such as ferric chloride and 
wet chlorine, and is outstanding in its resistance to brine 
and salt spray. 

In addition to Haste i.oy alloy wire, you can also obtain 
wire made of Muttimet alloy—a cobalt-chromium-nickel 
composition developed for service at elevated temperatures. 


Cut and st:aightened lengths or coils, in diameters down to 
0.060 in., can be obtained directly from Haynes Stellite Com- 
pany, Kokomo, Indiana. Wire in diameters less than 0.060 in. 
down to 0.002 in. is available from an associate company, 
Kemet Laboratories Company, Inc., Madison Avenue and 
West 117th Street, Cleveland 1, Ohio. For more complete 
information, write for a copy of the booklet, ‘“‘HAsTELLoy 
High-Strength, Nickel-Base, Corrosion-Resistant Alloys."’ 
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Developed to Give You Cleaner, Stronger Welds 
at Lower Cost 


These 4 new fluxes—One of the greatest develop- 
_ ments in fluxes in 20 years—are the result of inten- 
sive engineering research based on Victor’s 40 years 
of practical welding experience. Try them; see for 
yourself how to get more brazing per pound with 

_ these 4 new fluxes. 


Victor’s New Fluxes Fulfill 
All these Important Requirements 


@ Effectively clean parent and filler metal 

@ Cling to heated rod when dipped into flux 
@ Do not blow off rod 

@ Contain no useless ingredients 

@ Leave finished braze clean 

@ Contain no toxic ingredients 

@ “Tin” burned spots in cast iron brazing 

@ Do not encourage cooling of cast iron welds 


Get your supply from your welding dealer TODAY 
DEALER INFORMATION UPON REQUEST 


| 


FOR BETTER WELDING 


VICTOR EQUIPMENT COMPANY 
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Inert Gas 


Shielded Arc Spot Welding 


§ In this new inert gas-shielded arc spot welding 
the weld is produced by the heat of an electric are 


by F. J. Pilia 


INTRODUCTION 


HE purpose of this paper is to introduce to the 

metal-working industry, a new process of spot weld- 

ing, namely, inert gas-shielded are spot welding. 

The weld is produced by the heat from an electric 
are applied to the top surface of two lapped pieces of 
metal. The welding action is controlled by the current 
input to the are and the time the arc is allowed to dwell 
upon the material to be welded. The are, tungsten 
electrode and fluid puddle are shielded with an inert gas, 
in a manner similar to that employed in the éonven- 
tional inert gas-shielded are welding process. 

A resistance spot weld is produced by the effect of 
high current and pressure applied to the electrodes, 
while a gas-shielded spot weld is produced with fusion 
alone. Since no forging pressure is required on the 
fused nugget, consequently no backup or access to the 
reverse side of the weld is necessary. This accounts for 
one of the major advantages of the gas-shielded-—or 
heliare—spot welding process—the ability to produce 
spot welds from one side of the joint only. 

The apparatus required for the heliare spot weld- 
ing operation consists of a standard 60-cycle, a.-c. 
metal-are welding transformer with a built-in high- 
The transformer preferably should 
A timing device similar 


frequency unit. 
have power factor correction. 
to that used for resistance spot welding is employed, 
except that longer time cycles are required for the are, 
and instead of circuits for “squeeze” and “hold,” there 
is a circuit for argon shutoff delay. 

The actual tool for performing the weld consists of a 
gun of molded plastic about the size of a Colt “45” auto- 
matic. 
cup which bears against the workpiece. 


The gun is equipped with a water-cooled copper 
A tungsten 


F. J. Pilia is a Development Engineer with The Linde Air Products Co 
Newark, N. J. 


This paper was presented at the Twenty-Ninth Annual Meeting, A.W. 
Philadelphia, Pa., week of Oct. 24, 1948 
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electrode from which the electric are issues is located 
It is spaced back from the end of 
This setting 


centrally in this cup. 
the cup by approximately */32 of an inch. 
varies with the materials being welded and is adjustable 
from the working end of the cup. 

Argon gas is distributed through a series of orifices in 
the electrode holding mechanism, and is allowed to flow 
smoothly through the interior of the cup, shielding the 
electrode, the are and the material being welded. Four 
V shaped notches at the base of the cup allow for purg- 
ing the atmosphere of the cup and for dispelling gases 
contaminated by welding. The cup is completely 
insulated from the current-carrying members of the gun. 

Three hose and one switch cord are encased in a 
rubber jacket approximately 25-ft. long to supply the 
welding current, cooling water, argon gas and trigger 
control of the gun. This cable assembly is extremely 
flexible and rugged, being capable of withstanding con- 
siderable abrasion and rough handling on shop floors. 

A typical cycle of operation is as follows: Two pieces 
of metal approximately 0.040-in. thick are lapped as a 
The cup of the gun is brought to bear 
The trigger on the 


weld sample. 
against the top of the two pieces. 
gun is depressed momentarily, closing the main con- 
tactor on the power supply to the welding transformer. 
As the primary contactor closes, the argon solenoid 
valve in the timing device is opened to allow for the flow 
of argon gas to the cup of the gun. The high-frequency 
current which is superimposed upon the welding circuit 
after the trigger has been depressed ionizes a path 
between the electrode and the workpiece, and allows the 
60-ceycle welding current are to initiate the electric 
are required for the weld. 

At the time that the welding current begins to flow, a 
relay in the welding current circuit closes, initiating a 
preset timing cycle through either a mechanical clock or 
electronic timer. At the end of the correct time inter- 
val, the primary contactor on the welding transformer 
opens and extinguishes the are. A second timer then 
continues the flow of argon to allow the electrode to cool 
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Fig.1 Spot welding front door post to floor pan in framin g 
jig 

in an argon atmosphere. The cooling time is usually 10 
to 15 sec. for a '/s-in. diam. tungsten electrode. The 
welding cycle cannot be repeated until the trigger has 
been released and the are has been extinguished. This 
prevents unintentional refiring or time cycles longer 
than those which have been preset on the timer. 


APPLICATION OF PROCESS 


As many well know, the automobile body is designed 
primarily around the resistance spot-welding process 
with some use of oxy-acetylene welding, metal-are 
welding and flash welding. Metal-are welding in body 
construction is used where resistance spot welding is not 
feasible due to the size of the machine required, the 
obstruction of the work or inability to reach the oppo- 
site side of the work for resistance welding backup. 

The heliare spot welding process answers most of 
the problems on body construction which until now 
have been solved by using metai-are welding. Al- 
though either process can be used on locations where no 
backup is available, heliare spot welding is faster, easier 
and requires no particular skill or training. The size 
and flexibility of the gun makes it particularly well 
suited for use on obstructed work. By comparison, a 
single heliare spot weld in 0.037-in. deep-drawing mild 
steel produces the same mechanical properties asa metal- 
are weld */,-in. long or an oxy-acetylene weld '/»-in. long. 

This process is particularly advantageous in the 
framing jig because the equipment is extremely port- 
able, the spot welds are dependable and the gun can be 
used by nonskilled labor. These factors make it an 
ideal tool] for the assembly lines. 

Because the are is confined primarily within the cup, 
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only flash glasses or plastic face shields are required for 
protection of the operators. As this process produces 
no toxic fumes, smoke or spatter, welding booth and 
ventilating systems are not required. Also, due to the 
portability of the apparatus, extreme lightness, com- 
pactness and flexibility in relatively inaccessible spots, 
the number of spots produced per hour can be greater 
than that produced with the large and cumbersome 
special spot-welding units required to reach such places. 

Another application which is particularly suited for 
the process is the production of spots which are subse- 
quently covered with body solder. Previously, with 
metal-are welding on this type of joint design, it has 
been necessary to grind the metal-are weld flush or 
below the intended surface of the solder fill. With the 
heliare spot-welding process, the grinding-operation 
is eliminated. The welds produced are relatively flat 
and require no further preparation prior to filling with 
solder. 

The following illustrations show the application of 
the process to automobile body fabrication under the 
conditions previously described. These photographs 
are made available through the courtesy of the Briggs 
Manufacturing Co. and show steps in the fabrication of 
the two- and four-door 1948 models of a well-known 
make of ear. 

Figure 1 shows the welding of the front door post as- 
sembly to the floor pan in the framing jig. These welds 
were previously made by metal are. While the joint 
design is ideal for resistance welding, it was not consid- 
ered practical because of the size of the unit required to 


Fig. 2. Fire wall and windshield frame are joined to the 
front assembly by heliarc spot welds 
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reach around the sections of the body to be welded. 
The small, round holes visible in this panel were pro- 
vided for metal-arc plug welding. Note that the opera- 
tor has the cup of the gun placed firmly against the 
sheet being welded and that there is no objectionable 
glare, smoke or spatter from the operation. The opera- 
tor is wearing a plastic face shield with a light green 
shaded top and a clear portion at the bottom. 

Figure 2 shows the welding of the front assembly 
consisting of the fire wall and windshield frame for a 
convertible-type car. This is a typical example of 
welds that would be difficult. to back up for resistance 
welding due to obstruction by structural sections behind 
the weld. 

Body brackets are welded to the floor pan shown in 
Fig. 3. The bracket is made of 0.064-in. material and 
in this particular operation the weld is being made on 
the edge of the bracket, the cup being placed halfway 


Fig. 3 Body brackets are joined to the floor pan by spot 
welds 


over the edge of the bracket. This produces a weld 
similar to a gas-weld tack. Note that the body is on a 
wheeled dolly and is proceeding down the line during 
the welding. 

The cross-bracing for the rear seat of the four-door 
model is welded to the floor pan at the lower ends of the 
diagonals and center brace. In two-door models, 
side stiffening member is welded to the floor pan as 
shown in Fig. 4. The light priming paint on the floor 
pan does not interfere with the production of the weld 

The welding of a side panel assembly to the floor. pan 
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Fig.4 In two-door models, a side stiffening sheet is welded 
to the floor pan 


in the framing fixture is shown in Fig. 5. Usually two 
heliare spot welds are made on this flange in the 
fixture and the balance of the welds are made after the 
body is removed from the fixture and is proceeding down 
the line. A few carefully selected spots properly lo- 
cated during body framing eliminate much of the poor 
fitup usually encountered on the line. This particular 
flange without the welds would open approximately 

is to 1/4 in. upon being removed from the framing jig. 
Two welds on each flange completely eliminate this 


separation. The hose assembly which carries welding 


current, water, gas and switch control are all encased 


within the rubber jacket. 

The process is used for reinforcement of resistance 
For this purpose approximately four welds are 
These 


welds. 
spaced along the door sill joint shown in Fig. 6. 
reinforcing welds were previously made by metal are. 

Figure 7 shows the use of the process to replace metal- 
are tack welds on the front assembly. These welds are 


Fig. 5 Welding the side panel assembly to the floor pan ag 
the body is assembled in the framing jig 
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subsequently covered with body solder and so must be 
flush ‘or slightly lower than the surrounding surface. 
When metal-are welding was used, the welds required 
grinding to remove the excess weld metal. With 
heliare spot welding, no grinding is necessary. 

The necessary equipment for inert heliare spot 
welding is shown in Fig. 8. This is a typical installation 
consisting of a metal-are welding transformer of 250- 
amp. capacity with a built-in high-frequency unit and 
power factor correction. The electronic timing device, 
the power supply fuse box and main disconnect switch: 
are to the right. Just behind the leading edge of the 
next body is visible the inert-gas cylinder and pressure- 
regulating mechanism. The two pipes to the rear of 
the fuse box are the water inlet and drain. The grouhd 
wire from the welding transformer is connected directly 
to the metal conveyor system on which the bodies ride. 

In addition to the automotive operations, the process 
has been successfully used in attaching light sections to 
_ very heavy sections. It is entirely possible to attach 

0.040-in. sheet to a 4-in. thick section in the various 


metals. Because of this, the process is practical for 


applying stainless steel liners to mild steel pressure 


vessels. The surface of the mild steel should be free 
from mill seale, rust or dirt, and the liner must contact 
the mild steel in the vicinity of the weld during the 
welding operation. Welds can be made on this type of 
_ construction in the flat, vertical and overhead positions. 

Heliare spot welds in stainless steel have the 
same corrosion resistance heliare continuous 
_welds. In those materials subject to carbide precipi- 
tation, the zone of precipitation around the weld 
will be extremely narrow due to the quenching effect of 


‘ig. 6 Heliare spot welds along the door sill are in- 
surance against the failure of resistance spot welds 
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the heavier mass behind the weld. Weld time and 
current cycles can be set up so that very little dilution 
of the stainless steel liner by the mild steel backup 
occurs. In faet, this dilution can be restricted to the 
area of juncture between the mild steel and stainless 
steel. 


Fig. 7 Joining the windshield frame to the rest of the 
front assembly. This location is subsequently covered 
with body solder 


Fig. 8 Equipment for heliarc spot welding consists of 
transformer, timing control unit, argon cylinder with 
regulator and flowmeter and hoses for water cooling 
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The process can be used satisfactorily to attach the 
top sheet to a corrugated sandwich, such as is used in 
the manufacture of trailers and railway equipment. A 
corrugated sandwich is made by resistance welding the 
tops of the corrugated sheet to one of the side sheets 
When attaching the final sheet to the sandwich, diffi- 
culty due to the inaccessibility of the reverse side of th« 
corrugation makes resistance welding impractical for 
the final operation. Heliare spot welding has been 
used on these operations with very satisfactory 
results. Sandwiches have been made employing as 
many as 700 welds in this manner for the final assembly 

Due to the portability, visibility and lack of skil 
required, this tool becomes extremely useful for railway 
car and automotive trailer repair service especially for 
stainless steel bodies and parts. Although many of 
these structures were originally fabricated with resist- 
ance welding, when repairs are necessary, resistance 
welding is usually impractical, due to the specialized 
units that would be required for the individual repair 
In many cases, resistance welding cannot be used at all 
because the reverse side of the section to be welded can- 
not be reached for backup. For such repairs, it is 
merely necessary to install a patch or repair from the 
outside of the structure and use heliare spot welding for 
the final joint. 

With an increase in availability of apparatus, it is 
conceivable that the automotive shops will also find 
wide application for the process in other repair work. 

Metal furniture and cabinets can be easily fabricated 
by this process because the equipment is so portable and 
the gun can be used in very limited spaces. Manu- 
facturers of such widely diversified objects as outdoor 
display signs, home appliances, and food handling 


equipment will find wide use for the process. Mild 
steel and stainless steel in thicknesses up to 0.078 in. are 
being successfully welded in production. Aluminum 
materials up to 0.064-in. thick can also be welded with 
the same speed and satisfactory results. 

Welding conditions for aluminum are somewhat 
different from those of mild steel and stainless steel. 
Due to the conductivity of aluminum, it is necessary 
that the sheets be in very intimate contact, in order to 
obtain consistent and satisfactory results. To obtain 
the required fitup, some means must be employed to 
back the reverse side of the weld. In the case of large 
structures, this may be done by a bucking bar held by a 
helper. Where smaller objects are made on a produe- 
tion basis, blocks can be located in a fixture to back the 
weld. 

One rather unique feature of the process is the fact 
that it is possible to control the current and time settings 
so that welds can be made without disturbance to the 
reverse side of the sheet being welded. As an example 
of this, it was possible to produce five spot welds on an 
aluminum refrigerator vegetable bin assembly, in which 
the reverse side of the spots was exposed and painted 
with a high gloss enamel. When resistance spot weld- 
ing was used for this operation, considerable finishing of 
the aluminum was required in order to remove all evi- 
dence of the spot welds. Heliare spot welding was 
used without the necessity of this finishing operation. 

Surface conditions of aluminum materials require 
special attention when heliare spot welding is 
applied. Oxides, carbonaceous materials and surface 
dirt must be entirely removed before welding. Chemi- 
cal cleaning, vapor blasting or scratch brushing will 


produce satisfactory surfaces. 


Test Gage 


Table 1 
Vaterial 


Resistance weld 


Inert gas 


Tension shear 0 026 Stainless steel 1236 Ib 600 Ib 
Static 0.060 Stainless steel 5O1S !b 3400 Ib 
Pounds to failure 0.032 Carbon steel 1115 Ib. 700 |b 
0.045 Carbon steel 1320 Ib. 1250 Ib. 
0 057 Carbon steel 2150 Ib 18900 Ib 
0.094 Carbon steel 3318 Ib 3800 Ib 
Direct tension 0.020 Stainless steel 580 Ib. 500 Ib 
Stati 0.060 Stainless steel 1986 Ib. 2900 Ib. 
Pounds to failure 0.032 Carbon steel 290 Ib. 575 |b 
0.045 Carbon steel 566 Ib 1600 Ib 
0.057 Carbon steel 1083 Ib 1560 Ib 
0 004 Carbon steel 1850 Ib. 2300 Ib 
Tension shear 0.020 Stainless steel 33.2 ft.-lb. 3.3 ft.-lb 
Impact 0.060 Stainless steel 154.0 ft.-lb 39.0 ft.-lb 
Foot-pounds 0.032 Carbon steel’ 42.5 ft.-lb 34.0 ft.-lb 
0.045 Carbon steel 61.2 ft.-Ib 90.0 ft.-lb 
0.057 Carbon steel 83.2 ft.-lb 150.0 ft.-Ib 
0.004 Carbon steel 117.2 ft.-lb. 220.0 ft.-lb 
Direct tension 0.020 Stainless steel 12.1 ft.-lb. 2.0 ft.-lb 
Impact 0.060 Stainless stecl 49.1 ft.-lb 34.0 ft.-lb 
Foot-pounds 0.032 Carbon steel 5.8 ft.-lb 10.0 ft.-lb 
0.045 Carbon steel 9.2 ft.-lb 25.0 ft.-lb 
0.057 Carbon steel 43.0 ft.-lb 10.0 ft.-lb 
0.094 Carbon steel 44.2 ft.-lb. 100.0 ft.-lb. 
Diameters 0.020 Stainless steel 0.28 in. 0.100 in 
Inches 0.060 Stainless steel 0.39 in. 0.220 in 
0.032 Carbon steel 0.14 in 0.15 in 
0.045 Carbon steel 0.18 in 0.18 in 
0.057 Carbon steel 0.22 in. 0.20 in 
6.094 Carbon steel 0. 28 in. 0.27 in 
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Table 2 


Welding Machine: 75-Kva. Federal Spot and Projection Welder 

Electrodes: */,-in. diam. Class II electrodes with 3-in. radius tips. 

Sample Material: 1'/.- by 5-in. pieces of 16-gage (0.062-in.) am (0.078-in.) Type 304 hot-rolled, annealed and pickled stainless 
steel, edges as sheared, cleaned in hot perchlorethylene to remove dirt and grease but otherwise given no other surface preparation. 
Welding Machine Settings and Test Results: 


: Electrode Welding Weld Time, Hold Time, Remarks Tension-shear 
Sample force, lb.* current, amp. le: le on weld values, lb. 
2262 
2450 
2600 


Slight 
expulsion 


Slight 
expulsion 
Considerable 
expulsion 
Considerable 
expulsion 2550 


* Electrode force indicated is probably slightly higher than the value for net electrode force because of friction in the air cylinder and 
on the ram ways. 


Nore: All samples tested broke in shear through the spot weld. Samples 9 through 16 had a shrinkage cavity in the center of the 
weld nugget and those samples with the higher current settings had larger shrinkage cavities. 


PHYSICAL PROPERTIES OF INERT GAS- The direct tension static samples of the heliare spot 
SHIELDED ARC SPOT WELDS welds have lower values than the resistance spot welds. 
In all other kinds of tests, however, they very closely 
Depending upon the material thickness, welding con- approximate the generally accepted resistance spot- 
ditions and rapidity of operation, cost per spot ranges welding values. 
between | to 4 mills and welding times range around ! 2 Comparisons were made on 14 and 16 gage, Type 304 
to 6 Sec. per spot. Weld rejects, due to weld failures, stainless steel of heliare welds to resistance welds. Table 
average about 1'/2%. Malformed welds due to elec- 2 gives the welding conditions and test data for 
trode contamination with the weld puddle and burn- resistance welding. Table 3 gives the welding condi- 
throughs due to sheet separation and extremes in power tions and test data for heliare spot welding. 
factor variation average 4.2°% rejects. Table 1 gives 
physical properties for various thicknesses of mild steel 
and stainless steel, for spot welds as made by the heliare 
process and standard resistance welding. Heliare spet welding has several inherent advantages 


CONCLUSIONS 


Table 3 


Welding Machine: Linde’s Heliare Spot Welder, 400-Amp , Miller, High-Frequency Stabilized A.-C. Welder. 
Electrode: '/,-in. tungsten electrode. 
Specimen Material: 1'/:- by 5-in. pieces of 16-gage (0.062-in.) and 14-gage (0.078-in.) Type 304 hot-rolled, annealed and pickled stainless 
steel. The specimens were cleaned with emery paper prior to welding. 
Welding Machine Settings and Test Results: 
Argon flow, Arc time, Tension-shear 
Sample liter per minute sec. Amp. values, lb. Remarks 

4 2 250 Spot shear 
2 25 t Spot shear 
2 5 2050 Spot shear 
2 5 t Spot shear 
Approx. °/).-in. button 
Approx. */s-in. button 
Spot shear 
Approx. #/;-in. button 
Approx. */s-in. button 
Approx. #/;-in. button 
Approx. #/;.-in. button 
Spot shear 


Did not weld Did not weld 
3 


4 


Approx. */s-in. button 
3 Approx. */s-in. button 


Nore: All specimens broke as indicated in column headed “Remarks.” Those marked “spot shear’ broke tearing out no metal. 
‘Those marked “button” tore out metal to the approximate indicated diameters. 
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which make the process ideally suited for production 
welding. The ability to join two pieces of metal in 
the lapped condition from one side of the sheet 
only is one of its outstanding features. The extreme 
portability of the apparatus, makes it possible to take 
the apparatus to the job conveniently rather than the 
job to the apparatus, and thus the process is ideally 
suited for production line work. Heliare spot welding 
equipment is considerably more portable than the con- 
ventional resistance spot-welding guns. The heliare 
gun only weighs 2 Ib. and the cables and hose 
necessary for its operation are encased within a hose 
sheath approximately in diameter. The welding 
cable in this assembly is only 10,000 circular mils in 
diameter. The total assembly is about as light and 
flexible as a piece of 4/0 welding cable. This compares 
to the portable resistance spot-welding guns that weigh 
upwards of 40 Ib. and have two welding cables of several 
hundred thousand circular mils to carry the 5000 to 
10,000 amp. required to make a weld, as well as air, 
water and control wire. The length of cable on the 
heliare spot-welding gun is 25 ft. as compared to a 
maximum of 8 ft. on a resistance welding gun. 

The fact that the process does not require skilled 
operators makes it possible to use it on conventional 
assembly lines without delay. The low power demand 
by the welding transformer as compared to the power 
demand for resistance spot welding guns makes it ex- 
tremely attractive for shops already overburdened with 


spot-welding equipment. The portability of the 
gun and the fact that the welds are made from 
only one side of the sheet make it possible to eliminate 
the cumbersome and costly special guns that would be 
required for resistance spot welding certain parts of the 
assemblies. These facts also make it possible to use 
one gun on several or all of the welds within the reach 
of one operator and also help to standardize on spare 
parts and equipment, resulting in a minimum of service 
time and ease of replacement problem. 

The heliare spot-welding process does not and 
is not intended to compete with resistance spot 
welding under conditions favorable to resistance spot 
welding. Due to the cost of the shielding gas and the 
longer time cycles involved, such competition is imprac- 
tical. The process, however, does fill a very conspicu- 
ous gap between resistance welding and fusion welding, 
such as metal-are welding and oxy-acetylene welding. 
In the case of the latter two, the heliare spot- 
welding process replaces the fusion welding processes 
because of lower cost. 

Heliare spot welding is a new 
a new tool for the metal-working industry. It 


process and 


should develop into as important a process as the resist- 
ance welding process, metal-are welding process, oxy- 
acetylene welding process and the various other gener- 
ally accepted welding processes for the metal-working 
industry. 
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Adams Lecture 


The Metallurgy of Covered Electrode Weld Metal 


§ Further advances in arc welding can be made on the basis of comprehensive 


studies of slags, their functions and control. 


by G. E. Claussen 


R. CHAIRMAN, members and guests of THe 
AMERICAN WELDING Soctery gathered here to de 
honor to Dr. Comfort A. Adams. In view of the 

facts that Dr. Adams is a leader in research and 
that this lecture will describe a particular phase of 
Welding research, it is only natural to begin with a few 
Words about welding research in general. There is a 
Mniversal tendency among the weaker of us mortals to 
ignore something we know nothing about. This ten- 
dency can be observed in welding as in other matters. 
Everyone knows that the weld bead deposited by a 
tovered electrode is covered with a slag. But we do 
hot know much about that slag nor about its interaction 
with the weld metal. Consequently, we are content to 
brush off the slag, take it for granted and admire the 
Weld. During the past fifteen years we have learned 
& great deal about welds, but about the slags under 
Which these welds solidified very little has been pub- 
lished. 

Once the matter is brought to your attention you 
ask, “‘Why has the slag been ignored in our studies of 
weld metal?’ The answer seems to be that the slag 
Was ignored or was considered inconsequential, because 
nothing was known about it. Looking back over the 
history of welding, we find this sort of situation has 
occurred periodically in the development of all our 
common welding processes. 

No one has been so influential in clarifying these situ- 
ations in welding as Dr. Adams. Throughout his 
association with welding he has pointed to inequalities 
in our knowledge of welding processes and weld proper- 
ties. Not only has he directed attention to fruitful 
avenues of research that have been overlooked, but in 
many instances he has devoted his own efforts and his 
own resources to the research itself. 


G. E. Claussen is Chief Metallurgist of the Reid-Avery Co., Inc., Baltimore, 
Md 


This lecture was presented at the Twenty-Ninth Annual Meeting, A.W.S., 
Philadelphia, Pa., week of Oct. 24, 1948. 
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The author points the way 


In selecting a topic for this lecture, I have endeavored 
to divine what Dr. Adams might have selected in my 
position. The subject of the metallurgy of covered 
electrode weld metal, with particular reference to slag- 
metal problems, seemed to be appropriate. Slag- 
metal reactions are fundamental to the production of 
weld metal, yet there is scarcely any published informa- 
tion concerning them. Slags from covered electrodes 
are derived from coatings which in the past have been 
treated as trade secrets. Furthermore, the conditions 
of are welding and the compositions of the slags are 
sufficiently different from steelmaking slags that direct 
application of steelmaking results to are-welding slags 
has not been attempted. It is the purpose of this 
lecture to show some points of similarity and difference 
between slags in steel refining furnaces and slags in are 
welding with covered electrodes, using phosphorus and 
sulphur as elements for study. 

Before comparing steelmaking with weld deposition, 
let us examine the principal steelmaking processes. 
The most widely used is the basic open hearth, Fig. 1, 
in which 100 tons or so of liquid steel rests on a re- 
fractory hearth. During the refining period of eight 
hours, carbon, manganese, silicon, phosphorus an] 
sulphur are removed from the metal to a great extent. 
Carbon leaves the furnace as a gas, CO or COs, but 
the other elements are held in the slag. The extent to 
which the elements in the bath are removed to the slag 
is expressed by a distribution ratio. For example, if 
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Fig. 1 Basic open-hearth furnace 
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Fig. 2 Are welding with a bare electrode 


a slag contains 0.60° S and the metal beneath con- 
tains 0.20°% S, the distribution ratio for sulphur is 
0.60,/0.20 = 3. The distribution ratio for a given ele- 
ment depends on the composition of the slag and steel, 
and on temperature, but not on the weights of slag and 
steel. 

The basic open hearth is so named because slag and 
hearth are basic, that is principally lime (CaQ) or 
magnesia (MgQ). Opposite in character to the basic 
process is the acid open hearth, so named because the 
slag and hearth are acid, that is, principally silica 
(SiOz). In the acid open hearth only carbon and man- 
ganese are removed from the metal. 

“The electric arc furnace more closely resembles the 
weld puddle than the open hearth only in the sense that 
an are is used as source of heat. In other respects, such 
as slag thickness and relative absence of circulation in 
the steel, the basic and acid electric processes resemble 
the open hearth. The are is drawn between carbon 
electrodes, but the steel adjacent to the are is not heated 
to the extremely high temperature of the are. In fact, 
steel temperature is no higher in are furnaces than in 
other steelmaking furnaces. 

The Bessemer process, in which air is forced through 
liquid pig iron to remove carbon, is similar in some re- 


spects to welding with a bare electrode. During 
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welding with a bare electrode the globules of liquid 
steel pass through air, Fig. 2, instead ef air being passed 
through the steel. Both processes lead to the same re- 
sult. First, carbon is rapidly burned out of the metal, 
after which the iron dissolves oxygen and is converted 
to iron oxide. There is practically no slag in either the 
Bessemer process or in welding with bare electrodes. 
The Bessemer steel and also the weld metal are in con- 
tact with air, and no slag-metal distributions apply. 
Instead, a gas-metal distribution ratio may be imagined, 
oxygen and nitrogen being the gases. A part of the 
oxygen and nitrogen of the air passes into the steel and 
weld. 

The last steel refining precess we shall consider is the 
Perrin process, still largely experimental. In this 
process the steel to be dephosphorized is poured from a 
height of 15 ft. inte a ladJe containing molten basic 
slag (60% CaO, 30% FeO + amount- 
ing to 10% of the weight of the steel. The close con- 
tact of steel with slag during pouring reduces the time 
for dephcosphorization, that is, attainment of high 
phosphorus distrtbution ratios, from perhaps an hour 
in an open hearth to five minutes in the Perrin process. 
The mixing of steel with slag in this process is character- 
istic also of welding with covered electrodes, Fig. 3. 


GLOBULAR SPRAY 
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Fig.4 Two types of weld metal transfer with covered elec- 
trodes 


The mechanism by which steel and slag mix in weld- 
ing is not understood completely. During globular 
transfer, Fig. 4, either the slag coats each globule, 
which has about the same diameter as the core rod, or, 
less probably, the slag transfers independently. In 
spray transfer there is the same uncertainty. It is 
certain, however, that slag and steel are well mixed 
during both types of transfer. 

Although the time of contact of liquid steel with 
liquid slag in are welding is only 1 to 5 sec., the intimacy 
of contact offsets the short time, and makes it possible 
that distribution ratios applicable to steel refining might 
apply to welding, too. 


EXPERIMENTAL METHOD 


To study slag-metal reactions with covered, extruded 
electrodes, slag was collected from beads deposited in 
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Fig. 5 Dimensions of weld pad for chemical analysis 


the form of a pad, Fig. 5. The welding was done in 
Most experiments with °/-in. electrodes with over- 
lapping beads and a maximum weave. of 2'/, core di- 
ameters. No slag or metal for analysis was collected 
from the first three layers in order to avoid dilution by 
plate metal. After each bead of subsequent layers was 
@ompleted, the slag was removed with a hammer and 
was collected for analysis. The pad was cooled in hot 
Water and was chipped to remove spatter after every 
bead. 

' Upon completion of the pad it was drillpd from the 
top to within */s in. of the surface of the plate to collect 
chips for analysis. The slag was crushed and passed 
through a 100-mesh screen. The metallic portion of 
the slag was in the form of spherical globules, which 
Were removed by a magnet. An indication that the 
metallic portion of the slag was completely removed by 
the crushing and screening opera‘ion is provided by the 
fact that spattery and’calm electrodes having similar 
e@atings had similar iron values in the slag analysis. 
It is believed that the globules are not an intrinsic part 
of the slag, but represent steel spattered backward into, 
and entrapped in the viscous, solidifying slag. It is 
also assumed that spattered slag and steel, as they leave 
the deposit, have the same composition as the main 
body of slag and steel in the pad. 

Depending on the type of coating, there are seven to 
ten constituents which must be determined in any 
welding slag. It was impossible with the available 
facilities to perform a complete analysis of more than 
a very few slags owing to the complexity of the analyti- 
cal procedures. A method was devised, therefore, 
whereby analysis of the slag for iron, manganese and 
sulphur or phosphorus, and in some instances silica, 
sufficed to permit calculation of the complete slag 
analysis and to permit, as well, calculation of the 
weights of slag and weld metal. The following actual 
example (Electrode 158) illustrates the method in de- 
tail. 

The composition of the coating is shown in Table 1. 
Of the materials in the coating, the volatile constituents 
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consist principally of CO, from calcium carbonate with 
a small quantity of water united with the binder, 
sodium and potassium silicates. The volatile matter 


Table 1—Composition of Coating of Electrode 155, 
Weight per Cent 
Column 1 Column 2 
TiO, 6.5% SiO, 6.9% 
CaO 20.8% Fe 7.1% 
CaF, 30.6% Si 5.4% 
Al,O; 1.0% Mn 2.1% 
Na,O 1.3% S 0.97% 
K,0 0.8% 
’ Note: Weight of */-in. core rod per inch of length = 2.48 
gm. Weight of coating per inch of length = 0.857 gm. Out- 
side diameter of coating = 0.231 in. 


Column 3 
Volatile 17.4% 


will not appear in slag or metal. The materials in the 
first column will react among themselves, with the 
materials in the second column and with the steel. 
However, they will not be volatilized appreciably, nor 
will they be reduced into the steel. Consequently, 
materials in the first column will appear in the same 
weights in the slag as in the coating. Since the materi- 
als in the first column are 61.0°% of the coating, they 
weigh 0.610 X 0.857 = 0.522 gm. 

The remainder of the slag consists of silica, iron oxide, 
manganese oxide and sulphur. Analysis showed them 
to be present in the slag in the folowing weight per- 
centages: 3.549 FeO, 1.789% MnO, 0.42% 8S and 
17.20% SiO». The sum is 22.94%. The remainder of 
the slag weighing 0.522 gm. amounted to 100 — 22.94 = 
77.06%. Therefore the total weight of the slag is 
0.522/0.7706 = 0.678 gm. 

The complete composition of the slag is calculated 
readily from the known quantities of the first-column 
constituents in the coating. The weight of the weld 
can be computed from the weights of iron, manganese 
and sulphur in slag and coating. 

Weight of iron in coating: 0.071 X 0.857 = 0.0609 gm. 
0.0354 


7.29 X 0.678 = 0.0185 gm. 


Weight of iron in slag: 

The difference is 0.0424 gm. and must have been 
transferred to the puddle. Similar calculations show 
that 0.0087 gm. Mn and 0.0192 gm. Si also were trans- 
ferred to the puddle, bringing the total weight of the 
weld to 2.56 gm. Of the sulphur, 0.0055 gm. of the 
total (0.0083 gm.) in the coating did not remain in the 
slag. Some sulphur was transferred to the puddle, the 
remainder was lost by vaporization as shown in the 
following calculation based on a sulphur content of 
0.16% in the pad. 


Weight of sulphur in coating: 0.0083 gm. per inch 
Weight of sulphur in core rod: 0.0006 gm. per inch 
Total weight of sulphurin electrode: 0.0089 gm. per inch 
Weight of sulphur in slag: 0.0028 gm. per inch 
Weight of sulphur in weld: 0.0041 gm. per inch 
Total weight of sulphur in slag and 0.0069 gm. per inch 
weld 
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The difference between the two sums is taken to be 
the amount of sulphur lost by vaporization during 
welding, that is, 0.0020 gm. or 24% of the sulphur in 
the coating. The percentage of the sulphur in the 
coating transferred to the weld is 


0.0041 — 0.0006 _ 
0.0083 


Therefore, 100—42—24 = 34% of the sulphur must 
be in the slag, which amounts to 


0.34 0.0083 _ 
0.678 = 0.42705 


The analyzed value also is 0.42% S. Similar calcu- 
lations were made to study the iron, manganese and 


silicon balances. 


RESULTS 


Coatings Containing Phosphorus 


Slag-metal relationships were studied in four types 
of covered electrodes containing different amounts of 
sulphur. Complete coating and slag compositions for 
a representative member of each group of electrodes 
are given in Table 2. The four types of electrodes 
correspond with the well-known AMERICAN WELDING 
Socrety types 6010, 6012, 7015 and 6020. Perhaps it 
is incorrect to refer to these coating compositions by 
type number, because within each classification of the 
AMERICAN WELDING Socrety Specification are found 
electrodes whose coatings, and in a few instances the 
core rods, vary quite widely in composition. However, 
it is believed that the coatings in Table 2 are fairly 


representative. In the absence of sulphur, these 


coated electrodes would conform with the intent and 
WELDING SoOcrery 


requirements of the AMERICAN 


Specification. 


The °/32-in. core rods for all experimental electrodes 
were from the same heat of rimmed steel containing 
0.13% carbon, 0.43% manganese, 0.012% phosphorus, 
0.023% sulphur and a trace of silicon. Sulphur was 
added to the coating as iron sulphide containing 36.5% 
sulphur. The coatings were mixed, extruded and 
dried in accordance with customary procedures. The 
volatile values in Table 2 have been corrected for water 
contained in liquid binders but not wholly removed 
The welding current was 145 amp. for 
Straight 


during drying. 
10, 12 and 20 series; 160 amp. for 15 series. 
polarity was used for series 12 and 20, reverse polarity 
for series 10 and 15. Raising the current to 220 amp. 
for series 12 and 20 and to 245 amp. for series 15 was 
found to have no effect on the composition of slag and 
weld metal. 

Effect of Type of Coating. 
analysis and slag computations are listed in Table 3 and 
Fig. 6. The sulphur distribution ratio (8)/[S], where 
(S) and {S] are weight percentages of sulphur in slag and 
weld, respectively, is high for Series 15, but is low for the 
other three series. Evidently, the semibasic slag of 
Series 15 is more effective than the acid slags of the 
other series in combating sulphur in weld metal. 

It is interesting to compare these results with the 
behavior of the sulphur distribution ratio toward acid 
Grant and Chipman! 


The results of chemical 


and basic slags in steelmaking. 
have shown that sulphur distribution is controlled al- 
most exclusively by the excess base or acid count of the 
slag. The following molar ratios were taken as neces- 
sary for a neutral slag: 2 Base:1 SiOe, 4 Base: 1 POs, 
2 Base: 1 Al,O; and 1 Base: 1 Fe2Qs. 

The following oxides were considered to be bases: 
CaO, MgO and MnO. 
consists simply in converting the slag composition in 
weight percent to mols per 100 gm. of slag by dividing 
each weight percentage by its corresponding molecular 


The excess base or acid count 


weight. 


T ype: 6010 ~ 6012. 
Electrode No. 10S 12S 
Wt. %: Coating Slaq Coating 

Fe 3.1 oan 2.8 

FeO 1.6 15.5 

Mn 7.9 6.2 

MnO 15.3 

Ss 1.05 0.055 1.06 

Si 

SiO, 27.8 37.8 19.4 

MgO 6.3 8.6 3.5 

TiO, 10.9 14.9 51.7 

ALOs 1.5 

Cak, 

CaO 2.2 

Na,O 5.7 7.8 2.6 

K,O 1.7 

Volatile t 35.6 6.2 

O.D.t 0.195 0.193 

Ratio$ 0.110 0.142 


Table 2—Coating and Slag Compositions for Four types of 5/32-in Electrodes Containing Sulfur 


-7015 - 6020 
15S 208 
Slag Coating Slag Coating Slag 
11.0 = 3.5 26.6* 22.5 
; 2.1 14.5 
5 1.8 20.5 
0.064 0.97 0.41 1.04 0.134 
5.4 oes 
9 6.9 17.3 38.4 47.2 
3.4 0.4 0.5 
3 6.5 8.2 
5 1.0 1.3 2.3 2.8 
30.6 38.6 
1 20.8 26.3 By 2.0 
5 1.3 1.6 2.5 3.1 
7 0.8 1.0 1.1 1.4 
16.5 7.3 
0.231 0.220 
ose 0.258 0.242 


t Volatile at the temperature of the weld puddle. 
O.D. = outside diameter of covering, in. 

t 

§ Rati weight of coating per inch 

* Fe;O,. 
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Table 3—Sulphur Distribution Ratios (see Fig. 6) 


Wt. ©) sulphur in coating 
Coating weight, gm. per inch 
Slag weight, gm. per inch of electrode 
Pad analysis 
» Mn 


Slag analysis, 

©), 3 in coating transferred to weld 

©, $8 in coating lost by vaporization 

> Mn in coating transferred to weld* 

> Si in coating transferred to weld 

Tron balance 

Sulphur distribution ratio = (S)/[S}] 46 


Electrode No. -— 
158 
0.97 
0.857 
0.678 


0 69 


* Negative values signify loss of manganese from puddle to slag. 


t Per cent of total weight of weld puddle oxidized to slag. 
t Per cent of metallic iron in coating transferred to weld. 


§ Per cent of magnetite reduced to the weld. The increase in weight of the weld compared with the weight of the core rod is 2.9°%. 


In applying Grant and Chipman’s procedure to the 
welding slags, P2Os; was neglected. Ferric oxide was 
below 1°% in all slags and also was neglected. NA,O 
and K,O were treated as bases. Since it was not known 
whether TiO, acted as an acid, counts were made 
neglecting TiO. and also counting TiO» as equivalent 
to 1, 2 and 3 mols of base. 

The behavior of the sulphur ratio in welding toward 
excess base or acid is shown in Fig. 7. In plotting 
these results it was assumed that TiO. was equivalent 
}to three mols of base. The assumption that TiO, 
Jacted as a strong acid improved the consistency of the 
h results. Although it probably exists in slags combined 
)mol for mol with available base, for example CaO: TiO, 
‘the TiO. seems to exert at least as st rong an acid effect 
‘on the sulphur ratio as silica. 

Figure 7 also shows that the sulphur distribution 
Tratios for the welding slags, particularly Series 15, are 
higher than for the equilibrium slags studied by Grant 
and Chipman. The higher ratios for the welding slags 
probably indicate that the system weld metal-slag has 
hot attained equilibrium. The low FeO content of the 
slags of Series 15 also favors high sulphur ratio. Al- 
though Grant and Chipman found fluorspar, up to 


3 
SERIES 10 — 
SERIES 12 —@ 
SERIES 15 —o 
SERIES 20 — 4 


ie, 


~ 


SULFUR DISTRIBUTION RATIO 


2 3 
WEIGHT PERCENT SULFUR IN COATING 


Fig. 6 Effect of sulphur concentration in coating on the 
distribution ratio 
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17%, neutral with respect to sulphur, it is possible that 
the high fluorspar content (35°%) of Series 15 slags 
tends to raise the sulphur ratio. 

In order to demonstrate the extent to which sulphur 
can be held in a welding slag, a ° y-in. electrode was 
prepared with the following coating: NasO, 27.1; 
Al,Os, 1.0%; CaO, 1.7%; 0.4%; MgO, 0.807; 
Fe, 1.4%; SiOz, 9.7%; 8, 0.82%; and Volatile, 57.1% 
Coating weight = 0460 gm./in. (0.214 in. O.D.). 

The binder was organic, the NasO was present as 
bicarbonate and the coating was extruded on rimmed 
steel core rods of the same heat as other experimental 
electrodes. The coating was dried at 230° F. and the 
electrodes were welded at 140 amp. reverse polarity. 
The weld metal analyzed 0.03°% carbon, 0.100% man- 
ganese, 0.03°% silicon and 0.053°% sulphur. Assuming 
20°% loss cf sulphur from the coating by vaporization 
during welding, the slag should cont in 1.2°% sulphur. 
The sulphur distribution ratio on this assumption is 24, 
which is in the range for reducing slags in electric fur- 
nace steel practice. Fillet welds made in '/2-in. mild 
steel plates with this electrode exhibited no hot crack- 
ing, but had moderate internal porosity. 


SERIES 
SERIES 
SERIES 
SERIES 


SULFUR DISTRIBUTION RATIO 


EXCESS ACID , MOLS PER 100 GM. OF SLAG 


Fig. 7 Comparison of weld slag sulphur ratios with equi- 

librium values (dashed curve) determined by Grant and 

Chipman. In the acid-base count, Na.O and h.O are 

regarded as bases, while TiO. is regarded as acid (3 base:- 
1 TiO, 
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. 
108 128 208 
ei 1.05 1.06 1 04 
0.304 0.41 0.785 
he 0 224 0.42 0.640 
0.41 0.26 0.41 
Si 0.18 0.15 0.74 0.13 
78 0.122 0.159 0.160 0.214 
Dee. 6 0.064 0.420 0.134 
ty. 77 42 60 
15 24 29 
—19 48 —2 
t —0.83t 70t 263 
0.40 2.62 0.63 
{ 
| 
os 1.0 15 20 


Slag composition 
Wt. ©, CaO 


Wt. ©, MgO 3.3 
Wt. 2.4 
Excess acid count neglecting TiO, 0.328 
Exeess acid count, 1TiO.:3 base 2.128 
(S)/[S] 0.37 


Table 4—Additions of Base to 6012 Type Coating 


-~Electrode 


] 

9 22.2 2.4 
2.1 2.0 10.9 
0.111 —0. 186 0.174 
1.728 1.269 2.034 
0.46 0.44 0.49 


* Electrode 1281 had lower sulphur content than Electrode 128 of Table 2, but had the same coating in all other respects 


Effect of Sulphur Concentration. Within the range 
0.2-1.1°%% sulphur, the concentration of sulphur in the 
coating had no appreciable effect on the sulphur dis- 
tribution ratio in the 10, 12 and 20 series. In the 15 
series the sulphur content of the coatings ranged from 
0.2 to 3.9%. 
attaining equilibrium with higher sulphur contents, 
However, the 


On account of increasing difficulty in 


higher sulphur ratios were anticipated. 
results, Fig. 6, show lower sulphur ratios at the higher 
sulphur contents. Perhaps a high percentage of iron 
sulphide in the coating reduces the effective coating 
thickness, and the sulphur ratio behaves as if the coat- 
ing thickness had been reduced. 

It is interesting to observe at this point that about 
the same sulphur distribution ratio is obtained if the 
sulphur in the slag is derived from the plate as if the 
sulphur is derived from the coating. A 5/3o-in. electrode 
having a Series 15 coating but containing no additions 
of sulphur was deposited as a flat bead on a high-sulphur 
steel plate in. thick containing 0.249% C, 1.35% 
Mn, 0.011°7 P, 0.250°7 S and 0.04% Si. The welding 
slag contained 0.19°% 58 while the bead analyzed 0.12 
S$. The sulphur distribution ratio was 1.6, which is a 
little lower than if the sulphur had been derived from 
the coating. 

Effect of Coating Constituents. In an effort to raise 
the sulphur distribution ratio in Series 12, the basic 
count of the slag was raised by large additions of CaQ, 
MgO or NaO to the coating, Table 4. These addi- 
tions had no material effect on the sulphur ratio. Neg- 
lecting TiO., the electrode 1285 had the highest ex- 
cess base count (0.186) of any electrode in the four 
series. Here is further support for regarding TiO, as 


strongly acid. Despite the additions of base, the slags 


of 1284, 5 and 6 had a high excess acid count if TiQs: is 
regarded as acid. 

Electrodes of Series 15 were made, Table 5, in which 
the effect of SiO. and TiO. on sulphur ratio was studied. 
While the slag with high TiO. (1586) had a low sulphur 
ratio, the slag with no TiO: likewise had a low ratio, as 
did the slag with low SiOz. However, with high SiO: 
(15S8) the ratio fell te 0.63, well below the value for 
any other electrode in Series 15. High silica content 
promotes transfer of sulphur to the weld in the lime- 
base series. 

Effect of Source of Sulphur. Instead of iron sulphide, 
barium sulphate containing 13.79% S was used as a 
source of sulphur in the coatings of two electrodes. 
In Series 12, electrode 12S7 contained 3.89% barium 
sulphate and the sulphur ratio was 0.40. In Series 15 
electrode 15510 contained 6.8°% barium sulphate and 
the sulphur ratio was 1.67. For both electrodes the 
sulphur distribution was practically the same as if iron 
sulphide had been used. As impurities in coating in- 
gredients sulphide sulphur and sulphate sulphur are 
equally dangerous and in practice are held to a mini- 
mum. 

Effect of Baking. All electrodes of the lime-base 
F. before welding to over- 
To in- 


Series 15 were baked at 700 
come porosity due to moisture in the coating. 
vestigafe the effect of baking on sulphur ratio some 
electrodes of the 15810 series containing 6.8°% barium 
sulphate were dried at only 230° F. before welding. 
The slag and weld compositions were identical with 
those obtained with baked There was 
considerable porosity in the pad made with unbaked 
Baking 


electrodes. 


electrodes, but none with baked electrodes. 
temperature had no effect on sulphur distributicn. 


Table 5—Variations in SiO 


Slag composition 
Wt. ©, SiO, 17.0 
Wt. %, TiO 7 


Coating composition 


7, 8 in coating transferred to weld 14 

©), Mn in coating transferred to weld 32 

©) Si in coating transferred to weld 18 

o// Fe in coating transferred to weld 65 
Excess acid count, neglecting TiO, 0.058 
Excess acid count, 1TiO. = 3 base 0.355 
(S)/(S 1.77 


» and TiO, in 7015 Type Coatings 


Electrode No. 


1585 1586 15S) 1588 
19.3 16.0 14.2 37.1 
None 29.6 §.1 5.5 


18 61 62 79 
47 None 11 —6 
42 29 25 63 
71 45 40) 31 
0.096 0.176 —0.053 0.865 
0.096 1.289 0.250 1.072 
1.22 1.22 1.20 0.63 
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A 
12S1* 1284 1285 1286 
| 
| 
| 
Wt. %, Si 5.2 5.6 10 2.5 3.9 3 
Wt. %, SiO, 7.5 7.9 7.1 7.5 28.4 a 
Wt. ‘ 6.2 None 25.9 6. 1.7 


Table 6—Effect of Coating Thickness on Sulphur Distribution of a Lime-Base Type of Covered Electrode (1551) 


—————Outside diameter of */:-in. covered electrode, in. 


Weight of coating perinch _ 
Weight of coating + weight of core rod 
Grams of coating per inch of electrode 
Grams of slag per inch of electrode 


Pad analysis 
%C 


= 


Ww t. SiO; 

% S in coating transferred to weld 

% Mn in coating transferred to weld 

ee Si in coating transferred to weld 
® Fe in coating transferred to weld 

Excess acid count, neglecting TiO. 

Excess acid count, 1TiO,:3 

(S)/{S] 


soso 

i=] 

@ 


0.231 0.259 
‘ 


0.212 


0.807 
0.635 


NSSonw soos 


Effect of Slag Weight. Using the 1581 coating 
formula, a series of electrodes were produced having 
four different coating thicknesses, Table 6. The 1581 
coating is the same as 158 of Table 2 except that the 
sulphur content of the coating is only 0.44%. The 
0.200- and 0.212-in. coatings are abnormally thin 
while 0.259 in. is abnormally thick. It was surprising 
to find that the weld pads contained nearly the same 
percentage of sulphur. The sulphur ratio increased 
without corresponding changes in basicity. Thesmaller 
the amount of slag, the more rapidly it may attain 
equilibrium. 

Fillet welds were made in mild steel plates and were 
fractured for estimation of hot cracking. The 0.200- 
' and 0.211-in. electrodes produced one or two shért hot 
' cracks, the 0.259-in. electrode produced several hot 
' cracks, while the 0.231-in. electrode generally produced 
no hot cracks. The craters of fillets deposited by the 
thinnest coating were brittle, tended to be gassy and 
holes were visible in the surface of widely woven beads. 
Welds made with the other coating thickness were free 
from porosity, but were brittle. 

Cracking and Porosity. The sulphur content of weld 
metal in practice seldom is as high as the quantities in 


the experimental series. Nevertheless fillet welds 


were made in !/2-in. mild steel plates with each group 
of electrodes. Porosity and cracking were prominent 
and increased with sulphur content in welds made with 
electrodes of the 10, 12 and 20 series. No porosity was 
observed in fractures of Series 158 (Groups 8, $1, 82, 83, 
S4, S9 and S10). Hot cracking was severe in 155 
(0.16% S in the pad) but was absent in 1582 (0.054% 
S in the pad). While no hot cracking was observed 
with 1581 (0.231 O.D., 0.086% S in the pad), in unre- 
strained fillets, relatively slight restraint sufficed to 
form hot cracks. The insensitivity of 1552 to hot 
cracking probably is related to its relatively high 
manganese content (0.60% Mn in the pad) as well as 
to low hydrogen. Fillets made with 15810 (barium 
sulphate) with and without baking were considerably 
hot cracked, while the very high sulphur welds 1583 and 
15S4 deposited fillets that cracked completely from one 
end to the other. 


Coatings Containing Phosphorus 


In the same way as in the investigation of sulphur, 
additions of phosphorus were made to four types of 
coatings corresponding with 6010, 6012, 7015 and 6020, 
Table 7. Slag compositions and weights are similar to 


Table 7—Phosphorus Distribution Ratios 


Source of 

phosphorus 
Ferro-phosphorus 
Calcium phosphate 
Ferro-phosphorus 
Calcium phosphate 
Ferro-phosphorus 
Calcium phosphate 
Ferro-phosphorus 
Calcium phosphate 


Electrode* 


Phosphorus 
content o, 
coating, % 


Recor ery of 
phosphorust 


100 
83 


(P)/[P] 


100 
88 
97 
83 
80 
93 


* The coating formulas are the same as the corresponding coatings containing sulphur in Table 2, except that phosphorus-bearing ma- 


terial is substituted for sulphur. 
weight of coating per inch of electrode 


weight of coating + weight of core rod per inch 
t Recovery = 100 x (Peoat + Prore) = (Pring + Pwreid) , 


t Coating ratio = 


18 
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ra 

0.153 0.195 

0.448 0.598 1.22 

0.479 || 0.97 
06 08 0.07 

Mn 55 60 0.87 

Si 46 81 1.19. 

%, FeO 8 3 3.4 

7 Wt. %, MnO 1 7 1.5 

18 22 0.31 

es 2 7 17.1 

39 

58 
46 

66 

0.046 0.063 

0.358 0.372 
2.58 2.94 

Coating 

ratiot 

Hi igh 10P 0.133 1.48 0.20 

10P 1 0.111 1.18 0.39 
A. 12P 0.161 1.17 0.15 

12P1 0.143 1,22 0.13 

0.272 1.15 0.22 

15P1 0.272 1.20 0.86 

20P 0.222 1.05 0.19 

i 20P1 0.222 0.82 0.22 

= 


the sulphur series. Phosphorus was added to the coat- T 

ing mixture as ferro-phosphorus (25% P, 0.01% S, (4CA O- P20s) 
1.0% Mn, 1.5% Si) and as tertiary calcium phosphate | é 
containing 20% P. 


30 “AT 1600°C 


With ferro-phosphorus as source material the results 
in Table 7 show that the four types of coatings transfer 
a high proportion of phosphorus to the weld. There 
is no indication that the 7015 type of coating is different 
in this respect from the more acid coatings. With 


calcium phosphate as source material, however, the 


MOL ZY FEO IN SLAG 


semibasic slag of the 7015 series holds 200% more 


phosphorus than with ferrro-phosphorus in the coating. 


s rin 5s t re iIn\ $102 +2 P20s + /2FE203+ 1/2 A203 
yosphorus. > acie siags § W tess erect. e 
I a ig 10 (MOL PERCENT BAS/S) 


6010 slag held 50°% more phosphorus as calcium phos- 


a . , Fig. 8 Comparison of slag from Electrode 15P1 with equi- 
phate than as ferro-phosphorus. Perhaps the lime librium slags of Winkler and Chipman. The three curves 
added with the P.O; accounts for the increase. The show equilibrium FeO values as a function of basicity for 
three phosphorus distribution ratios, namely, 2, 46 and 


6012 and 6020 slags transferred as much phosphorus to 200. The slag 15P1 should fall on the 46 curve if it were in 
the weld metal with calcium phosphate as with ferro- equilibrium with the weld at 1600° C. 
phosphorus. The low phosphorus ratios for the welding slags : 
Effect of Slag Weight. To determine the effect of slag suggests three causes: (1) The slags are more or less : 
weight on phosphorus distribution three series of acid; (2) the temperature of the weld puddle is high 
electrodes, Table 8, were prepared using calcium phos- and (3) the welding atmosphere is reducing. The 
phate as the source of phosphorus. The phosphorus first and third causes are believed to be most likely. | 
ratio is a little higher for the lighter coatings. If the Cracking and Porosity. The electrodes of the phos- 
phosphorus ratio is used as the criterion of acidity, the phorus series having normal coating ‘weights had good =} 
6012 slag is most acid, the 7015 slag most basic, The weldability. There was no hot cracking or porosity. | 
sulphur experiments lead to the same conclusion. However, the welds fractured in a brittle manner under 
In an effort to determine whether the slags of the the sledge. The electrodes with coating weights lighter 
phosphorus series had attained equilibrium, the phos- than normal tended to produce explosions during weld- 
phorus ratios were compared with Winkler and Chip- ing. These explosions are known to be related to the 
man’s? results for basic slags, Fig. 8. Applying low coating weight rather than to the phosphorus con- 
Winkler and Chipman’s method to slag 15P1, the point tent. Fillets made with the heaviest coating in Series 
in the left-hand corner of the graph is obtained. This 20 (20P1,0.2610.D.) were particularly concave and had 
point is far away from the curve numbered 46 on which severe hot cracks through the throat immediately after 
it should fall. It is clear that the slag should contain welding. 
less phosphorus if equilibrium were reached at 1550 Although Reeve*® reported good tensile properties 
1600° C. Stated in another way, the slag is more acid for a weld containing 0.13°% P, a tensile specimen of 
than it would be under equilibrium conditions with the weld metal from electrode 10P had low ductility. The 
phosphorus present. Assuming higher temperatures specimen was welded in mild steel plates in accordance 
for the weld puddle makes matters worse. with “Tentative Specifications for Iron and Steel Arc- 


Table 8—Effect of Coating Thickness on Phosphorus Distribution of Three Types of 5/32-in. Electrodes 


Outside diameter, tn. 0.180 0.196 0.212 0.230 0.195 0.218 0.201 0.218 0.240 0.261 
Coating ratio 0.068 0.111 0.158 0.214 0.143 0.216 0.163 0.222 0.297 0.355 
Grams of coating per inch 0.178 0.308 0.465 0.677 0.413 0.686 0.480 0.707 1.04 0.37 
Grams of slag per inch 0.137 0.217 0.322 0.464 0.445 0.72: 0.407 0.590 0.869 1.16 
Pad analysis 
% Mn 0.41 0.52 0.62 0.61 0.28 0.28 0.36 0.40 0.41 0.39 
% Si 0.11 0.16 0.25 0.26 0.11 0.15 0.10 0.16 0.19 0.18 
%P 0.070 0.124 0.172 0.217 0.19 0.28 0.15 0.21 0.27 0.32 
Slag analysis 
Wt. %, FeO 16.5 10.5 8.9 8.0 13.6 12.3 22.1 1.4 21.6 21.5 
Wt. %, MnO 13.7 13.1 12.9 13.3 8.2 7.6 21.8 21.3 21.1 21.8 
Wt. %, P 0.040 0.048 0.055 0.074 0.025 0.027 0.054 0.046 0.072 0.073 
% Mn in coating trans- 
ferred to weld -5 8 11 10 —14 —14 —2 0 0 1 
Tron Balance* —0.55 —0.39 —0.41 —0.51 —1.6 —2.3 25 28 28 26 
(P)/[P} 0.57 0.39 0.32 0.34 0.13 0.10 0.37 0.22 0.27 0.23 


* Iron balance for 10P1 and 12P1 is expressed as per cent of total weight of weld puddle oxidized to slag. Iron balance for 20P1 is 
expressed as per cent of magnetite in coating reduced to the weld. 
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Welding Electrodes” A.S.T.M. Designation A233-45T. 
The weld metal contained 0.08% carbon, 0.66% Mn 
and 0.15°% phosphorus. The tensile properties were: 
yield point, 70,000 psi.; tensile strength, 81,000 psi.; 
elongation, 12°% in 2 in. The phosphorus raised the 
tensile strength and caused the appearance of unusual, 
brittle fish eyes in the fracture. 


OXYGEN AND CARBON 


The study of sulphur and phosphorus has shown that 
the welding slags are acid or semibasic, and that ex- 
pected reactions have proceeded a long way toward 
equilibrium without quite reaching it. A considera- 
tion of the other elements in the slags sheds further 
light on fundamentals. We will consider oxygen and 
carbon first because they are important factors in 
steel furnace reactions. 

It is well known that the oxygen content of weld 
metal from covered electrodes other than the lime- 
base type is high (0.035 to 0.26°% quoted in the litera- 
ture) and is associated to a great extent with inclusions 
of silica or silicate, particularly iron and manganese 
In this form oxygen plays no part in carbon- 
oxygen reactions. For the lime-base coatings Rolla- 
son and Bishop* found low oxygen contents (0.009 to 
0.017°¢) in the wekls. 

Lacking information on the oxygen content of the 
weld metals in the sulphur and phosphorus series, it is 
difficult to draw quantitative conclusions about the 
degree of oxidation of the weld metals. The carben 
content of the pads made with electrodes of normal 
coating thickness varied between 0.08 and 0.12% in 
series 15 ahd 20 but fell to 0.05-0.09°% in series 12. 
' The 10 Series was intermediate. The low carbon con- 
tent of Series 12 supports the conclusion that the weld 


silicates. 


' metal in this series was exposed to the most oxidizing 
conditions. All weld metals in the four series tended 
to be abnormal in the MeQuaid-Ehn test, but some 
sspecimens of series 10 and 20 were normal. The Me- 

*Quaid-Ehn grain size usually was mixed partly 2-4, 
partly 6-7. 


In the same way that the weld metal may pick up 
oxygen, the slag, too, may absorb it from the atmos- 
phere in and about the arc, Table 9. The amount of 
oxygen absorbed by the slag was calculated from the 
total oxygen contents of slag and coating, excluding 
volatile constituents. The oxygen pick up in Series 
15S1 is due principally to oxidation of silicon in the 
coating, whereas the pick up in Series 12P1 is due.to 
oxidation of iron from the weld puddle. The slags of 
Series 10P1 absorbed little oxygen perhaps because the 
volatile constituents of the coating protect the weld 
puddle from the air. There was a small loss of oxygen 
from Series 20P1 due to the reduction of some of the 
magnetite in the coating to the weld puddle. In every 
series the oxygen balance was independent of the small 
oxygen content of the rimmed steel core rods (0.0003 
gm. of oxygen per inch of °/3-in. rod). 

The absorption of oxygen by the slags of the 10, 12 
and 15 series generally was greater for the thicker coat- 
ings. It is not difficult to understand the reason for 
this behavior, for there are greater quantities of reduc- 
ing materials to be oxidized in the heavier coatings. 
Although the total oxygen pickup is greater for the 
thicker coatings, the absorption of oxygen per gram of 
coating or slag is greater for the thin coatings. The 
slags from the lighter coatings tend to contain more 
FeO, which may have caused the explosions observed in 
welding with the lightest coatings of series 10 and 20. 
Heavier coatings provide more gas shielding and tend 
to form more reducing slags. The transfer of metal 
across the are is globular for the lighter coatings which 
do not form a cup around the are. As the coating 
thickness is increased, the coating melts less rapidly 
than the core rod and forms a cup around the are. 
Together with this change, the transfer of metal 
changes to the spray type as Sjoman® has shown. 


IRON 


Closely connected with the slag’s absorption or 
evolution of oxygen is the balance between the iron in 
the coating and the iron inthe slag, Tables 3, 5, 6 and 


Table 9—Oxygen Picked Up by Slag and Reaction Constants 


Outside 
diameter Weight of 
of slag, grams 
Electrode coating, per inch of 
No in. electrode 
10P1 180 0 
10P1 196 0 
10P1 212 0 
10P1 230 0 
12P1 198 0 
12P1 218 0.0201 
1581 200 0.027 
1581 212 0.028 
0 
0 
0 
—0 
—0 


Grams of 
Oy per 
inch of rod 
0060 
0058 
0080 
0097 
0145 


1581 231 033 
1581 250 052 
201 
20P 1 218 
20P1 240 
20P1 261 


0025 
0043 
0030 


of reaction 
slag wt. temp., °C. temp., 


Oxygen picked up or 
lost by slag 


Si-FeO reaction 
Apparent 
reaction 


Mn-FeO reaction 
Apparent 


1670 3: 1700 
1650 

1670 

1650 

1670 

1680 

1570 

1520 

1600 

1640 

1740 

1800 

1810 

0121 1800 


ou 


* Kun = (MnO)/(FeO)|Mn]. (), mol fraction in slag; [ ], wt. “% in metal. 


t K's, = 1/[Si](FeO)*. () and[ ] = wt. %. 
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; 

{ 

| 

1.80 F 

2.43 

2.36 

2.76 
2.24 

2.24 

1.25 

1.39 

0.86 

0.50 

2.78 

—0.42 2.48 

—0.49 2.43 

~0.26 2.64 


8. All iron in the coatings of Series 12 was oxidized 
along with 1 to 2% of the weight of the core rod. Like- 
wise for Series 10 all iron in the coating was oxidized 
together with '/2°% of the core rod regardless of coating 
On the other hand, all metallic iron in the 
Furthermore, 


thickness. 
20 Series was transferred to the puddle. 
25% of the magnetite in the coatings of Series 20 was 
reduced to iron and was transferred to the weld puddle, 
regardless of coating thickness. 

In Series 15 about 70° of the metallic iron in the 
coating was transferred to the puddle with a few ex- 
ceptions. The lightly coated electrode 1581 (0.200 
in. O.D.) transferred only 46° of the iron in the coat- 
ing to the puddle. The thin coating seems to offer in- 
adequate protection against admixture of air in the 
atmosphere surrounding the weld puddle. The coatings 
with high TiO, (1586) and high SiO». (1588) also slagged 
a considerable proportion of the metallic iron in the 
coating. The coating with low silicon (1587) behaved 
in accordance with expectatiogs in permitting greater 
oxidation of iron than the coatings with higher per- 
centages of this powerful deoxidizer 

With the exception of the slag from the coating high 
in Na,O described in the section on sulphur, less than 
1% of ferric oxide was found in any of the welding 
slags. The high silica content of the slags provides the 
explanation. A chart prepared by Whiteley® from an 
investigation of ferric oxide in slags of varying lime 
and silica contents shows that the percentage of ferric 
High 


silica contents were associated with low ferrie oxide 


oxide in a slag follows the lime or silica content. 


MANGANESE 


The manganese content of the core rod was barely 
maintained in the 6010 and 6020 series of weld metals, 
Tables 3, 5, 6 and 8, and was not maintained in the 
6012 series. It is comparatively difficult to transfer 
large amounts of manganese from coatings of series 10 
and 20 without creating porosity. The lossof manganese 
from the core rod of Series 12 is due to oxidation. Once 
again we find that the weld metal of Series 12 is most 
oxidixed. The transfer of manganese from coating 
to weld in the lime-base Series 15 was aided by the 
ferro-silicon in the coating. 

In the 15S Series the manganese tended to revert to 
the slag gs the sulphur increased. High TiO, (1586) 
or high SiOz (1588) caused all manganese in the coating 
to remain as MnO in the slag, owing to the higher 
Although the manganese content of 1554 
Mn, 0.449% 3S) is present almost 


acidity. 
weld metal (0.53°7 
entirely as manganese sulphide, the action of the man- 
ganese in slag-metal reactions is not altered. 

Variation in slag weight had no effect on the man- 
ganese content of the weld metal in series 12 and 20. 
There was a small increase in the manganese content 
of the welds in the 10P1 series, Table 8, as the coating 
thickness was increased. In the 1581 series the per- 
centage of the manganese in the coating transferred 


O.D. to about 50% -at 0.259 in. O.D. Increase in 
coating thickness accentuated the reducing character of 
the welding environment perhaps by increasing the 
quantity of ferrosilicon and manganese in the coating. 
The reaction that appears to govern the manganese 
contents of slag and weld metal is 
(FeO) + [Mn] = (MnO) + [Fe] 
The equilibrium constant for the reaction is 


(MnO) 


Kin (FeO) [Mn] 
6600 
Log Kuna = sae — 3.16 (Fig. 9) 


In the equation for Ky,, the manganese content of the 
weld metal is expressed as weight percentage. The 
FeO and MnO contents of the slag are expressed as mol 
fractions. 

The equations represent basic steelmaking conditions 
but do not apply very well to acid steelmaking slags. 
Nevertheless, the reaction 
series 10, 12 and 20, Table 9, 
and correspond with an equilibrium temperature of 
1600° C. While these calculations are far from proof 
that the system was in equilibrium 
or that the temperature of the weld metal reached or 
exceeded 1600° C., they lend support t6 the belief that 
the FeO-MnO reaction is important. 


constants calculated for 
are in good agreement, 


weld metal-slag 


The values of K,,, for Series 15 are fairly constant 
but correspond with an equilibrium temperature of 
1900° CC, favored the slagging of 
iron, manganese and silicon such as high SiO. or low 


Conditions that 


metallic silicon in the coating and light coating weight 
lowered the calculated equilibrium temperature. 

A close relationship has been established by Me- 
Cance’ between the ratio of MnO to FeO in acid and 
basie steelmaking slags and the manganese content of 
the steel. The MnO, FeO ratios for the welding slags 
were found to depart widely from this relationship. 
It was impossible to use the graph developed by Me- 


2000 1800 (700 /600°C 
0.6 T T T 
(FE O) + WN) =(MN 0) + [FE] 
= (MN. 0) 


+0.2+L06 Kun = S690 3.16 


z 0.0) 
8-02 
~ 


04 
42 46 5.0 54 
+ x /o* 


Fig.9 Plot of the manganese-iron oxide reaction constant 
to the weld increased from less than 5°% at 0.200 in. for comparison with weld slag analyses 
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Cance to estimate the relative acidity of the welding 
slags. 

Another reaction that was studied in relation to the 
welding slags is the reduction of MnO by silicon. 

2([Mn] + (SiO.) = 2(MnO) + [Si] 
Mn? 
[Si] (MnO)? 
8.757 

All quantities in the two equations are expressed as 
weight percentages. 

The manganese-silicon distribution applies partic- 
ularly to acid process slags. At equilibrium Ky,s; 
has the values 0.00107 at 1500° C. and 0.00087 at 
1600° C. Values of Kyy,s; computed for the welding 
slags of the 10, 12, 15 and 20 series are approximately 
0.008, 0.010, 0.15 and 0.002, respectively. 
far from equilibrium at possible temperatures and 


Masi 


Log Kk Masi > 


These are 


correspond with impossibly low equilibrium tempera- 
tures. The failure of the manganese-silicon distri- 
bution to represent welding conditions seems to be re- 
lated to the high total silicon content of the weld metals 
or the low MnO values of the slags, compared with the 
The 


| Series 20 approach the manganese-silicon distribution 


| manganese content of the weld. results for 
} most closely because these slags contain little lime and 
no TiOs. 

| The Kyysi ratio is closely related to the ratio 
{Mn} (MnQ) used by Bischof,’ who showed that the 
‘more basic the welding slag, the higher is the value of 
ithe ratio. 


Results for the sulphur and phosphorus 
series confirm Bischof’s conclusion in general. The 
[Mn]/(MnO) ratio was 0.02 to 0.06 for the acid series 
10, 12 and 20, but rose to 0.2 to 0.4 for the semibasic 
Series 15. 


Fig. 10 (a). 


Electrode Unetched. 1250 
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Inclusions in weld metal deposited by ' -in. 
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SILICON 


Although ferro-manganese is present as a major con- 
stituent in series 10, 12 and 20, silicon in metallic form 
isabsent. Yet the weld metals of these series contained 
0.10-0.15% silicon. 
and co-workers showed, is in inclusions of silica and 
siliente, but a little silicon is reduced from the slag. 
The amount of silicon transferred from coating to weld 
was small and was neglected, except in Series 15. In 
this series, Tables 3, 5 and 6, about half of the metallic 


Some of the silicon, as Sloman® 


silicon in the coating was transferred to the weld metal. 
Lowering the percentage of metallic silicon in the coat- 
ing lowered the percentage transferred, while raising the 
SiO. content of the coating, raised the percentage ot 
silicon transferred. 

As the coating weight was increased, there was an 
increase in the silicon content of the weld metal in 
Series 15, at least up to a coating diameter of 0.231 in. 
The silicon recovery was no higher in the 0.259 in. 
coating than in the 0.234 in. coating. 
weight increased in the 10, 12 and 20 series there also 


As the coating 
Was an increase in the silicon content of the weld 
metal. It is impossible to state whether the increase 
represents an increase in metallic silicon or an increase 
in inclusion content. 

Microscopic examination of the welds of the four 
phosphorus series revealed the least inclusions in the 
15P series, Fig. 10, which is in agreement with its pre- 
sumably low oxygen content. Most of the inclusions 
in the phosphorus series were glassy, indicative of high 
SiO., and showed the polarizing cross described by 
Hoyt.'” 
12 series, Fig. 11. 


A few duplex inclusions were found in the 
There was no opportunity to ana- 
lyze the inclusions, but on the basis of research per- 
formed at the National Physical Laboratory, England, 


Fig. 10 (b). Inclusions in weld metal deposited by ‘ ,-in. 


Electrode 12P,. Unetched. 1250 
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Fig. 11 Large inclu- 
sion with duplex struc- 
ture in weld metal 
deposited by '/;-in. 
Electrode 12P. Un- 
etched. 1500 


they probably consist principally of silicates of iron 
and manganese. If so, the inclusions arise from re- 
actions within the weld and are not trapped particles 
of slag. 

The reaction that silicou undergoes in acid slags is 


[Si] + 2(FeO) = 2[Fe] + (SiO.) 
The equilibrium constant for this reaction is 
K (SiOz) 

[Si](FeO)? 

Owing to lack of fundamental data, it is difficult to 
determine the variation of Kg with temperature. 
13,400 

The equation resulted in the following equilibrium 
temperatures: 6010 Series, 1700 to 1980° C.; 6012 
Series, 1900 to 2000° C.; 7015 Series, 1520 to 1640° C 
6020 Series, 1740 to 1810° C. 

Instead of Kg;, use was made of another constant 


Log Ks; = — 4.06 


based on the assumption that the activity of silica in 
the slag is unity" 
1 
[Si](eO)? 
19,057 
T 


K's 


— 11.10 


Li K Ig 


As shown in Table 9 and Fig. 12, the values of K'g; 
are fairly consistent and lead to the following equilib- 


as 2000 4800 1/700 1600°C 
“| 2(FEO) + [54 =(S:02) + 
= 
LOG Ks. = 1.10 
x 
3 
S 4 
4.2 46 5.0 5.4 


4 
7 


Fig.12 Plot of the silicon-iron oxide reactien constant for 
comparison with weld slag analyses 
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rium temperatures: 6010 Series, 1600 to 1700° C.; 
6012 Series, 1670 to 1680° C.; 7015 Series, 1520 to 
1640° C.; 6020 Series, 1740 to 1810° C. 

These temperatures are a little higher than for Kya 
in the 10, 12 and 20 series, but lower than for Kyp 
in the 15 Series. The FeO content of the welding 
slags seems to be not too far out of equilibrium with 
the manganese and silicon contents of the weld metal 
in the four series of electrodes. 


SUMMARY 


It is now time to gather together and review the 
information we have gained about sulphur and phos- 
phorus in covered electrodes and about the funda- 
mental reactions governing the production of weld 
metal. The following conclusions apply only to the 
particular coating compositions of this paper, and 
should not be applied indiscriminately to electrode 
coatings in general. 

1. The sulphur distribution was not far from equilib- 
rium and depended on slag basicity. Not only did 
the oxides of calcium, magnesium and manganese act 
as bases, but the oxide of sodium as well. There is 
good reason to regard TiO» as an acid constituent of 
these electrode coatings. 

2. The phosphorus distribution did not reach 
equilibrium. Phosphorus was transferred to the weld 
metal to a greater extent than sulphur for a given type 
of coating. 

3. The major slag reactions governing the man- 
ganese and silicon contents of the weld metal were 
between these elements and iron oxide. The reactions 
appeared to reach substantial equilibrium, which came 
about through appropriate adjustment of coating weight 
and coating composition. In 6010, 6012 and 6020 
series enough manganese Was added to the coating to 
provide a slag in equilibrium with steel containing 0.25 
to 0.45% manganese. Control over hydrogen porosity 
may be exercised by the relatively high oxygen content 
of the weld metal. There was sufficient manganese 
in the 6020 Series to reduce a portion of the magnetite 
in the coating to iron. Organic matter in the coating 
which carbonized at the tip of the electrode during 
welding, may have aided the reduetion. Of these 
three series of coatings and slags, all were acid, the 
6012 slag being most acid. 

The lime coating of the 7015 Series provided a large 
amount of semibasic slag with very little iron oxide for 
reaction with carbon in the weld puddle. The low con- 
centration of hydrogen in coating and arc atmosphere 
prevented hydorgen porosity in the deoxidized weld 
puddle during freezing. Enough iron was oxidized to 
balance the oxidation of manganese and silicon. Be- 
vond its effect on slag fluidity, the large percentage of 
fluorspar in the coating appeared to play a neutral part. 

In summarizing the results it will be observed that 
we have accounted for the part taken in weld metal re- 
actions by the important constituents of the electrode. 
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It should not be imagined, however, that this is all 
there is to the production of weld metal from covered 
electrodes. One of the most important constituents 
of a coating is water and it scarcely has been mentioned 
in this discussion. It, with many other problems, 
must await consideration by researchers, who, follow- 
ing the lead of Dr. Adams, are willing both to acknowl- 
edge problems and to attack them. 
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Some Metallurgical Aspects of Austenitic Welds 


Metallurgical characteristics of chreomium-nickel welds. How to 
avoid crater, root and intergranular cracking. Effect of cold working 


by C. T. Gayley 


SIDE from the welding of stainless steels and other 
austenitic chromium-nickel alloys with electrodes 
of the same composition, these electrodes have 
been found useful and important in many applica- 

tions because the deposited weld metal possesses high- 
tensile strength, high ductility, high impact resistance 
and notch toughness at low temperatures. The elec- 
» trodes of the A.LS.L. types 307, 308 and 310 alloys have 
’ been particularly useful in welding air-hardenable steels. 

The object of the present peper is to discuss some of 
‘the metallurgical characteristies of austenitic welds of 
should be 
The princi- 


the high-chromium, high-nickel type that 
‘given consideration in certain applications. 
pal characteristics that will be considered are: ten- 
dency to crater cracking, root cracking, intergranular 
eracking, lamellar structure of the weld metal, direc- 
tional properties and the effect of cold working and 
The first three of these are very 
closely related and are due to the hot shortness of some 


recrystallization. 


of these alloys. 


CRATER CRACKS 

The first characteristic of the austenitic weld metals 
that will be discussed is the tendency to crater cracking. 
This deficiency is most troublesome when depositing 
the root pass of a highly restrained joint of the double 
vee type. Certain techniques for breaking the are as 
deseribed in the following paragraph have been tried, 
and it was found that the use of one technique in par- 
ticular went a long way in overcoming this defect. 


C. T. Gayley is connected with the U.S. Naval Shipyard, Philadelphia, Pa. 
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Fig. 1 Techniques for breaking the arc 
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At A, Fig. 1, the are was broken by drawing the elec- 
trode away in the direction normal to the plate. The 
resulting crater is wide and concave, the metal is thin 
and invariably the crater has one or more cracks. At B, 
the are was shortened, the crater filled and then the are 
was drawn slowly forward along one side of the scarf 
and finally broken about '/2 in. from the nominal end of 
the weld deposit. The technique fills the crater, gives 
the last metal to solidify a convex surface and retards 
the cooling rate of both the upper and lower surfaces. 
Properly done, no crater crack develops. At C the de- 
posit was thickened by an oval motion of the electrode, 
making a wide convex surface, and the cooling rate was 
further retarded by twice making and breaking the 
are. A crater crack is generally avoided. 

It would seem that in order to prevent crater cracks 
the metal should be thickened at the crater, brought to 
a convex surface and the cooling rate retarded. De- 
positing a heavy first pass aids in obtaining the favora- 
ble conditions in that the heavier deposit is slower to 
cool. Making an extra heavy deposit at the crater, as 
in Technique C, making the surface convex, and twice 
making and breaking the arc, quite nearly approaches 
the favorable conditions. However, this technique is 
troublesome in the vertical and overhead positions. 
Furthermore, while the technique prevents a crater 
crack, a root crack beneath the crater often occurs, an 
even more serious defect. 

Technique B has been applied most successfully. Its 
principal merit seems to be the slower cooling rate ob- 
tained for both the top and bottom sides of the weld 
metal, by shortening the are and drawing it straight 
forward near the bottom of the groove, but on one scarf. 

Although the technique prevents crater cracks, some 
chipping is necessary to prepare the end of the weld for 
making a satisfactory start with the next electrode. 
When the surface left by Technique B is prepared for 
the new start, weld metal without defect is assured; 
whereas, when a crater crack occurs, it is difficult to 
determine when it is completely removed by chipping. 
Little trouble with crater cracking is experienced after 


the first pass has been made. 


ROOT CRACKS 

Root cracks in austenitic welds are also most frequent 
in a highly restrained weld of the double vee type. 
Whenever the root layer of such a joint is deposited too 
thin by rapid progression of the arc, and with a high 
welding current, a root crack may be expected. A 
thick deposit for the first layer of such a joint is the 
most effective way of reducing root cracking. By the 
use of a medium welding current, and a heavy root pass, 
root cracks in the flat and vertical positions are readily 
eliminated. 

The overhead position gives the most trouble. In the 
flat and vertical positions the molten weld metal sags 
through the root opening due to the pull of gravity, and 
therefore solidifies with a convex surface. In the over- 
head position where gravity is opposed, the metal gener- 
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Fig. 2 Weld in 60-lb. high yield steel. 109% acid ferric 
chloride etch. 2 X 


ally solidifies with a concave root surface. Further- 
more, it is more difficult to deposit a heavy layer in the 
overhead position, and thus decrease the cooling rate, 
as well as bring the base metal to a higher temperature 
for the next pass. However, with a welding current 
near the low side, an electrode not too large, and a little 
practice in depositing a heavy first layer, root cracks in 


the overhead position may be eliminated. 


INTERGRANULAR CRACKS 


The strong tendency of austenitic weld metal of the 
high-chromium, high-nickel type to form large colum- 
nar grains is well known. A typical example of the 
orientation of these grains is shown in Fig. 2. This 
macrograph is of a transverse section of a single U-joint 
in 1'/-in. plate. It is to be noted that a long axis of 
these grains is always approximately at right angles to 
the freezing or isothermal lines; that is, parallel to the 
direction of most rapid heat transfer by conduction. It 
is also to be noted that the grains are not confined toa 
single layer of weld metal, but may extend through 
several of the superimposed and individually deposited 
layers. 

When austenitic weld metal is examined at higher 
magnifications, it is found that there are occasional 
cracks or voids along the grain boundaries. Typical 
examples of such cracks are shown in Fig. 3. These 
cracks may vary from a few thousandths to several 
hundredths of an inch long. It is difficult to wash the 
Specimens sufficiently after etching to prevent the 
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Fig.3 Micro-fissures in 25-20 weld metal. 10% acid ferric chloride etch. 100 * (reduced '/; in reproduction) 


cracks from weeping and causing a stain on the surface 
of the specimen, or leaving crystals of ferric chloride on 
evaporating, as in Fig.3(C). This indicates the cracks 
have considerable depth and definitely are not slag 
dykes. 

Examination of a cross section containing many large 
cracks of this type, as in Fig. 4, shows that they almost 
invariably occur along the grain boundaries and roughly 
parallel to a long axis of the grain. They occur at right 
angles to the isothermal lines. Figure 5 is a view of the 
top surface of the same weld after having been cleaned 
and etched. The photograph shows very clearly that the 
cracks occur exclusively at right angles to the isothermal 
or freezing lines and parallel to a long axis of the grains. 


Mentally combining the two figures will show that the 
large grains are not columnar, as they are so often de- 
scribed, but are quite flat. The structure may be de- 
scribed as lamellar. The lamellae are oriented quite 
consistently at right angles to the isothermal lines, and 
the cracks occur along the sides of the lamellae. 
Intergranular cracks, as large as those shown in Fig. 
5, may be seen as they appear, if the solidifying weld 
metal is carefully watched through the dark window of a 
welder’s helmet. They oceur during or shortly after the 
weld metal solidifies and while it is still at a high tem- 
perature. This, the fact that they occur at right angles 
to the isothermal lines, and are intergranular, stamp 
them quite definitely as eracks occurring above the 


Type 310 weld metal in 30-lb. plate. 109% acid ferric chloride etch. 4 * 
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Fig. 5) Type 310 weld metal, top surface. 10% acid ferric 
chloride etch. 4X 


equicohesive temperature, and apparently due to hot 


shortness. 
An unbroken series of intergranular cracks may be 


observed from the largest to the most minute ones dis- 


covered by the microscope. So that while the inter- 


granular cracks of microscopic size may not be seen in 


the act of forming at a high temperature, nevertheless 


they all seem to be of the same general nature, and it is 


inferred that the microscopic ones also occur above the 


equicohesive temperature and are due to hot shortness 


There is a great deal of evidence indicating that some 


heats of the Type 310 austenitic steel are more suscepti- 


ble to intergraular cracking than others. Intergranular 


cracking also varies with the type of electrode. In 


general, the lime-type electrodes containing no titania 


deposit weld metals less susceptible to this type of de- 


fect than do titania type electrodes." * 
Sulphur, silicon and phosphorus have been shown to 


induce micro- and macro-fissuring when too large an 


amount is present singly or in total.';* High silicon 
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_ deposits given in Table 1. 


has been shown to be harmful and in 259% Cr — 20°7 Ni 
weld deposits the harmful effect has been attributed to 
the formation of silicate films surrounding the austenitic 
grains.® 

More recently, small amounts of titanium have been 
under suspicion as at least contributing to micro-fissur- 
ing.* It was found that in titania-type electrodes hav- 
ing 20°; titania and 5°; ferro-silicon in the coverings a 
reduction in titania occurs with the recovery of titanium 
in the weld metal. The amount of titanium appearing 
in the weld metal varied from 0.016 to 0.024%. How- 
ever, this small amount was apparently sufficient to 
induce hot-short cracking. 

A small reduction of titania, perhaps overlooked, may 
be the answer to the question raised by Campbell and 
Thonias,' namely, ““Why does the lime-type 25-20 elec- 
trode perform so much better than the titania type?” 
with respect to weld metal cracking and lower tensile 
properties of the weld deposits. 

Severe intergranular cracking seriously affects the 
tensile properties of the weld metal, as may be seen by 
examining the results of tensile test of Type 310 weld 


Table 1.—Tensile Properties of Longitudinal All-Weld- 
Metal Specimens Taken from Butt Vee-Joints and Number 
of Intergranular Cracks (Standard 0.505-in. Specimens) 


Tensile % 
strength, Elongation, 


Electrode——_—_ Intergranular 
Brand Diam., cracks per square 


Vo in. Inch Psi, in 2 in. 
1 5/s0 None 89,700 44 

2 5/59 None 96,500 26 

1 3/16 None 91,000 50 

2 3/i6 None 95,500 28 

3 31 78,500 10 

3 66,000 


Further, the orientation of the cracks and the orienta- 
tion of the grains and grain boundaries may well be a 
factor in giving weld deposits of this type directional 
properties. A comparison of the tensile properties of 
Type 310 weld deposits in heat-treated, high-yield air- 
hardenable steel, in the longitudinal and transverse 


directions, is given in Table 2. 


Table 2—Tensile Properties of Longitudinal and Trans- 
verse Specimens Taken from Butt Vee-Joints (Standard 
0.505 in specimens) 


Longitudinal specimens— Transverse specimens——~ 


Tensile Tensile ©) Elongation in. 
strength © Elongation strength 1-in. weld 
Psi. in 2 in. Psi. metal 
87,500 32 87,500 16 
87,500 32 89,000 16 
87,500 30 79,000 6 
86,500 36 85,500 10 
87,500 33 89,500 19 
87,200 38 91,200 21 
87,500 31 92,200 17 
86,500 32 89,700 16 
88,000 39 92,000 15 
86,000 38 94,500 15 
86,500 34 91,000 21 
86,500 35 95,000 14 
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Fig. 6 Macrograph of fractured end of 
Type 310 weld metal tensile specimen. 
5x 


The above longitudinal specimens were all weld metal 
and the transverse specimens about 1-in. weld metal in 
the center and the rest of the specimen base metal. It 
will be noted that the elongation of the longitudinal 
specimens is about twice that of the transverse speci- 


mens. If the elongation of the longitudinal, all-weld- 


metal specimens had been measured over a I-in. gage 


length across the fracture, as was done for the transverse 
specimens, the elongation in the longitudinal specimens 
would have been even greater than that indicated by 
the figures in the table. , 

Some of the difference in the elongation of the trans- 
verse specimens over that of the longitudinal specimens 
may be attributed to the restraining effect of the parent 
metal at each end of the gage length, but this effect is 
not considered to be of the magnitude indicated. 

The other thought is that the orientat. of the la- 
mellar grains, and the intergranular cracks, may well be 
a contributing, if not the greater, factor. 

It has already been pointed out that the large grains 
of the austenitic welds are quite consistently oriented 
at right angles to the isothermal lines and that the 
cracks occur along the sides of the lamellae. When a 
longitudinal tensile specimen is taken from the central 
area of a butt vee-joint it may readily be determined, by 
referring to Figs. 4 and 5, that any intergranular crecks 
present in the specimen, and the lamellar grains them- 
selves, will be roughly parallel to the longitudinal axis of 
the specimen. Ina contrary manner, many of the inter- 
granular cracks and lamellar grains will be transverse 
to the long axis of the transverse specimens. 

It therefore seems reasonable to conclude that since 
the cracks occur in planes roughly parallel to the long 
axis of the longitudinal tensilespecimens, they have little 
effect on the tensile strength and elongation in this 
direction. Each section of metal, although partly 
separated by a crack, will behave somewhat as an indi- 
vidual and perfect tensile specimen, like the strands of a 
wire cable. The cracks and lamellar grains being 
roughly at right angles, or at shearing angles, to the 
long axis of the transverse specimens, it is to be antici- 
pated that elongation and reduction in area would be 
greatly hampered. It seems probable then that the 
directional properties of the weld metal are derived 
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from the mechanical effects of the cracks combined 
with the more frequent occurrence of grain boundaries 
in the one direction, rather than with any directional 
properties of the atomic lattice. 

The grain boundaries of the lamellar grains are them- 
selves points of weakness under certain conditions. The 
fractured end of a longitudinal austenitic ali weld metal 
tensile specimen, Fig. 6, shows how prone the weld 
metal is to cleave along the lamellar grain boundaries, 
the grains themselves failing in shear between the bound- 
aries, producing the serrated appearance. 


COLD WORKING 


The large lamellar grains of austenitic weld metal 
may be prevented from extending through several 
layers, as in Fig. 2, by cold working and recrystalliza- 
tion, as in Fig. 7. The areas of recrystallization are 
especially 2pparent below the fifth to tenth layers de- 
posited. The cold working is accomplished by peening 
and the reerystallization is brought about by the heat 
applied in the deposition of the subsequent layer. It 
follows that the cold working by peening must extend 
below the normal depth of penetration by the are during 
the process of depositing the next layer. The peening of 
the first few layers of the weld shown in Fig. 7 was in- 
sufficient to accomplish the desired result. The grain 
size of a reerystallized area is shown in Fig. 8 and the 
grain size near one of these areas is shown in Fig. 9. A 


Ae 


i 
Macrograph of type 310 weld metal deposited in 2- 


Fig. 7 
in. plate peened after each pass. 2 X 
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Fig. 8 


Type 310 weld metal cold worked by peening and 


caused to recrystallize by heat of subsequent pass. 10% 
100 


acid ferric chloride etch. 


single large grain of Fig. 2 nearly covers the field of the 
microscope at the same magnification. 

As a result of the cold working and reerystallization 
of the austenitic weld metal, the tensile strength is in- 
creased and the elongation decreased. Some idea of the 
relationship between peening time, shape of tool, size of 
hammer and tensile properties of longitudinal all-weld- 
a study of Table 3. 
These results were obtained with standard 0.505-in. 


metal specimens is revealed by 


diam. tensile specimens from single vee butt welds in 


1-in. plate. 


Fig.9 Type 310 weld metal adjacent to area shown in Fig. 
8. 109% acid ferric chloride etch. 100 


Examination of this table indicates that the shape of 
the tool has less to do with sufficient peening than the 
The flat tool however, seems a 
A tool 


shaped end about !/;in. wide and having 
g 


size of the hammer. 
little less effective than the round nosed tools. 
with a crescet 
a curvature of '/. to */, in. diam. was also found very 
effective, and has the advantage that it can be used 
close up to the edge of the weld. It will be noted that 
the blow of the No. 80 pneumatic riveting hammer using 
about ninety pounds’ air pressure, followed by recrystal- 
lization, was much more effective in increasing the tensile 


Table 2—Effect of Peening and Reerystallization on the Tensile Properties of Austenitic Weld Metal 


Property determined 
Peened with a Ne. 2 
Tensile strength, elongation 


Size and shape of tool 


in. diam. ball end tool 


-in. diam. ball end tool Tensile strength, elongation 


‘ensile strength, elongation 


l-in. diam. ball end tool 


x '/ein. flat end tool ‘ensile strength, elongation 


square inch of weld metal 
1 min. 2 min 


Peening time per 


5 sec. 10 sec. BO sec 


pneumatic chipping hammer 


Peened with a No. 80 pneumatic riveting hammer 


in. diam. ball end tool Tensile strength, elongation 
' in. diam. ball end tool Tensile strength, elongation 
l-in. diam. ball end tool Tensile strength, elongation 
' x '/ein. flat end tool Tensile strength, elongation 


92,200 94,500 96,500 96,500 104,500 

39.5% 30% 28% 33% 20% 
94,000 101,500 103,500 104,500 
36.5% 25% 22.5% 30.5% 
94,500 95,500 104,000 100,000 
35% 32% 22.5% 32% 
92,000 93,500 94,500 99,000 
11% 33.5% 33.5% 32% 

95,500 102,500 108,000 

31% 31.5% 20% 

98,000 100,500 107,000 

31% 28.5% 15% 

95,500 101,000 110,000 

33% 31% 28% 
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94,000 96,500 110,500 
40.5% 35.5% 31% : 
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strength than was the blow of the No. 2 sealing hammer. 
A practical combination for peening this type of weld 
‘metal would seem to be to peen each pass, using a No. 
80 riveting hammer, a crescent shaped tool about 1/, in. 
wide with a '/:-in. diam. curvature, and a peening time 
of 10 sec. per square inch of weld deposit. 

While cold working and recrystallization increases 
the tensile strength of 25Cr-20—-Ni austenitic weld 
metal, this procedure does not eliminate all directional 
tensile properties. The evidence for this is given in 
Table 4, where each figure represents the average of 
twenty-four tensile results from eight large welds each 
pass of which was peened before the deposition of the 
subsequent metal. All results were obtained from 
standard 0.505-in. diam. tensile specimens. The longi- 
tudinal and the normal specimens were all weld metal. 
The transverse specimens contained an average of 
about 1 in. of weld metal. The elongation given for the 
transverse specimens was the elongation in the weld 
metal. 


Table 4—Directional Properties of Austenitic Weld Metal 


—Direction of long aris of specimen— 

Longitudinal Transverse Normal 
Yield strength, psi. 78,200 75,600 65,100 
Tensile strength, psi. 98,800 89,600 90,300 
Elongation, per cent. 22.5 11.9 17.1 


SUMMARY 


Crater cracks in austenitic weld metal may be pre- 
vented by filling the crater, producing a convex surface, 
drawing the are forward along the parent metal and 
then breaking. Root cracks may be eliminated by put- 
ting in a heavy first pass with welding current toward 
the low side. 

The large grains of the austenitic weld metal are 


lamellar. The grain boundaries are points of weakness, 
especially at higher temperatures. Some heats of aus- 
tenitic steel, from which the core wire is made, are sub- 
ject to intergranular cracking. They appear to be 
“hot-short.”’ 

Severe intergranular cracking seriously affects the 
strength of the weld. 

Austenitic weld metal shows directional tensile 
properties. 

Sufficient cold working by peening followed by re- 
crystallization increases the tensile strength of the weld 
metal about 20,000 psi., but decreases the elongation. 
The grains are also greatly reduced in size, and become 
more nearly equiaxed. 

The opinions and assertions contained herein are the 
private ones of the writer and are not to be construed as 
official or reflecting the views of the Navy Department, 
or the naval service at large. 
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The Economies of Hardfacing 


by J. J. Barry and Albert Muller 


INTRODUCTION 


ARDFACING of parts subject to wear is a compara- 
tively recent development dating back hardly 
more than 25 years. With the advent of the 
development of welding, restoration of surface 

dimensions with mild steel was attempted. This pro- 
vided increased service life but was not entirely satis- 
factory. Naturally, this led to experiments with alloys 
which produced hard metals or hardfacing alloys. The 
petroleum and construction industries were among the 
first to make use of this process. Hard metals were 
applied to oil-field drilling tools and certain types of 
excavating equipment to resist abrasion and to main- 
tain a cutting edge. The successes achieved soon 
caused hardfacing to be utilized in other fields, and 
unusual growth of the process followed. Today, hard 
facing has become one of the most important mainte- 
nance factors in industry. 

Hardfacing is a process in which an alloy is deposited 
on a metal part, thereby forming a protective surface 
which resists abrasion, impact, corrosion or heat, or any 
combination of these wear factors. Wear is an ever- 
present phenomenon since parts are always subject to 
chemically corrosive and physically erosive influences. 
In its broader aspect, hardfacing comprehends the 
maintenance of surface dimensions against the effects 
of wear. 

The primary function of hardfacing is to prolong the 
life and increase the operating efficiency of the part 
involved. Not only may the worn metal in used parts 
be replaced, but wear on the surface of new parts may be 
minimized by an application of a thin layer of a hard 
metal which prolongs the life of the surface so protected. 

Several economies are apparent With increased serv- 
ice life: 


1. Hardfacing maintains surface dimensions against 
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» Advantages of hardfacing are reviewed and an analysis of the 
problem leading to the correct selection of the proper hard- 
facing rod are indicated. 


Design and cost figures are covered 


wear, thereby increasing efficiency and reduc- 
ing power costs. When a part begins to wear 
its effectiveness as a producing unit decreases. 
In order to compensate for this decrease in 
efficiency and output, more power is used to 
operate the machine in order to maintain 
satisfactory production. 

2. Hardfacing prolongs the service life of a part, 
thereby reducing the frequency of replacement 
and the down-time necessary for replacement. 
In many cases the replacement of worn parts 
means a loss in production and a labor loss 
while the equipment is idle. Therefore, a 
reduction in down-time increases efficiency and 
production. 

3. Hardfacing reduces costs since wear-resistant 
overlays on carbon steels possessing the neces- 
sary strength, shock and fatigue resistance may 
be used in place of higher priced alloy steels. 
Worn parts which were formerly scrapped, can 
be hardfaced and returned to service at a cost 
less than that of a new part. In addition a 
restored part with a wear-resistant overlay will 
outwear a new part many times and operate 
more efficiently. 

4. Hardfacing permits a smaller inventory of re- 
placement parts, which reduces the spare parts 
investment. Another method used to reduce 
the number of spare parts is to reface a hard- 
faced part that has become worn in service. 
This operation may be repeated many times 
until the part fails due to some other reason. 


ANALYSIS OF PROBLEM 


To obtain maximum service life the proper type of 
alloy must be used for each hardfacing application. 
The selection of the proper type of alloy for a given 
application is generally a simple matter. Before choos- 
ing a hardfacing alloy it is first necessary to fully under- 
stand the service conditions under which the part is 
operated, thenan alloy possessing the physical properties 
known to assure maximum life under the particular 
service conditions may be selected. 
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Fig. 1 Partially transformed austenite (white) and mar- 
tensitic structure (gray) of 1% C-6%9% Cr steel, deposited 
with oxyacetylene torch. Etch: Picral, HCl. X 500 
Microconstituent Microhardness, DPH 

Austenite 468-518 


Martensitic transformation product 482-614 


The various destructive forces at work in all kinds of 
industrial operations may be divided conveniently into 
four broad general classifications. The first group 
includes such service conditions where impact is severe 
and abrasion is*moderate. Typical of this group are 
the service conditions imposed on bucket lips. The 
second group includes service conditions where abrasion 
is severe and impact is moderate, characterized by silica 
particles sliding over a surface. Shock loading may 
also be encountered in this type of service. Typical of 
these service conditions is the action of the earth on 
plow shares. The third group comprises service con- 


Fig. 2 Hexagonal and granular complex chromium car- 

bides in alloy solid solution in iron containing 4.5% €, 

309% Cr, 69%¢ Mn and 2% Si, deposited with oxyacetylene 
torch. Etch: Picral. X 500 


Microconstituent 


Chromium carbides 
Solid solution alloy 


Microhardness, DPH 
1650-1680 
459 
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ditions where various combinations of heat and corro- 
sion with abrasion, impact and erosion are encountered 
such as in exhaust valves. The fourth group of service 
conditions involves extreme abrasion such as is en- 
countered in earth drilling. 

No one hard metal is suitable and economical for the 
hundreds of different applications and conditions 
encountered. Hardfacing alloys are of various types, 
sach specifically designed to provide characteristics best 
suited to withstand the different service conditions 
encountered. The alloys generally employed for group 
1 service may be classified as carbon and alloy steels. 
These are generally martensitic air-hardening steels 
with attainable hardness depending primarily on carbon 
and alloy content and cooling rate. Typical of these 
materials is a steel containing 6°% chromium and 1°% 
carbon. As deposited, this alloy consists of a complex 
martensitic type structure and partially transformed 
austenite as shown in Fig. 1. Various modifications in 
alloy content are usually made depending on service 
conditions and cost factors involved. 


» 


Fig. 3  Austenite islands, partially transformed austenite 
(with martensite needles), and carbide background in 
49% C, Cr, Moiron. Etch: Picral. 500 


Microconstituent Microhardness, DPH 


Austenite islands 

Austenite with martensite 

Carbide 

For Group 2 service, alloy irons are generally em- 
ployed. These may be of austenitic or martensitic 
matrix types. Typical of the austenitic iron types is 
the 4.59% carbon, 30°% chromium, 6°; manganese and 
2% silicon alloy, the structure of which is shown in 
Fig. 2. As deposited, this material consists of alloy 
carbides in an austenitic matrix. The hardness of the 
varbides is DPH 1650-1680 and the hardness of the 
solid solution is DPH 459. In general, the austenitic 
type alloys possess better weldability than correspond- 
ing martensitic materials. In service the austenitic 
irons take on a high polish with use. 

Typical of martensitic irons is an alloy containing 4% 
sarbon, 4% molybdenum and 4°% chromium, the struc- 
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ture of which is shown in Fig. 3. This material consists 
of a martensitic matrix containing hard carbides. 

Variations in alloy content may produce either 
pearlitic or martensitic matricies containing hard com- 
plex carbides. Special properties may be obtained by 
certain alloys added in quantities sufficient to result 
in complex high-speed cast irons. 

For Group 3 service, chromium, cobalt, tungsten 
alloys are generally employed. Usually these alloys 
are furnished in two carbon ranges, depending on the 
relative importance of abrasion and impact resistance. 
Both high and low-carbon materials exhibit high red 


Fig. 4 Eutectic carbides and solid solution phase in 1% 
C, 30% Cr, 62% Co, 49% W, Fe (Bal) allov deposited with 
oxyacetylene torch. Etch: Picral. X 509 

Microconstituent 


Eutectic carbide 
Solid solution 


Microhardness, DPH 


785 
440-455 


Fig.5 Complex carbides and solid solution matrix in 2.6% 

C, 3.6% Mn, 32% Cr, 43% Co, 149% W, Fe (Bal) alloy de- 

posited with oxyacetylene torch. Etch: Picral. X 500 
Microconstituent Microhardness, DPH 


Complex carbide 910-940 
Solid solution 470 
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Table 1—Hardness Values at Various Temperatures 


Room 
temp. 600° F. 800° F. 1000° F. 1200° F. 
Low carbon 45 Re 35 Re 35Re 30Re 25 Re 
High carbon 56Re 49Re 417 Re 44Re 37 Re 


hardness, corrosion resistance and ability to withstand 
the eroding action of hot gases, ete. Although the red 
hardness differs slightly, it is high for both types of 
materials. 

Typical microstructures for low and high-carbon 
alloys are shown in Figs. 4 and 5, respectively. These 
alloys are complex solid solution types containing car- 
bides. Other elements may be added to the basic alloys 
to confer special properties, particularly increased 
corrosion resistance to specific chemical attack. 

Typical hardness values at elevated temperatures of 
both low and high-carbon materials are shown in 
Table 1. 

In general, hardness and abrasion resistance decrease 
with a decrease inecarbon content while toughness and 
impact resistance follows the opposite trend. 

For Group 4 service, a deposit containing hard par- 
ticles embedded in a tough matrix is‘used. Inter- 
metallic compounds consisting of carbides, nitrides and 
borides are generally employed. Tungsten carbide is 
the most commonly used hard particle for service of this 
type. The structure of an alloy deposit containing 
tungsten carbide particles embedded in a low-carbon 
steel matrix is shown in Fig. 6. When rods of this type 
are applied very little of the tungsten carbide is dis- 
solved in the steel matrix by the oxyacetylene flame or 
the heat of the are. The deposit is, therefore, hetero- 
geneous with the hard tungsten carbide particles em- 
bedded in a steel matrix. The extent to which individ- 
ual tungsten carbide particles dissolve in the steel 


Fig.6 Massive turgsten carbide particles in a steel matrix 
containing fine spheroidal carbides. Etch: Picral. X 100 
Microhardness, DPH 


409=455 
1873-1927 


Microconstituent 
Matrix with carbide 
Tungsten carbide 
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Partially dissolved tungsten carbide in steel matrix. 
Etch: Picral. X 1000 


Microconstituent Microhardness, DPH 
Center of carbide "1513-1927 
Outer ring of carbide 1092-1115 
Steel matrix 409-455 


matrix is shown in Fig. 7. The small addition of dis- 
solved tungsten carbide to the matrix increases the 
hardness of the steel a great deal in the vicinity of the 
sarbide particles thereby providing a hard, tough 
binder. 

The structure of a special alloy containing complex 
‘arbides and borides is shown in Fig. 8. This material 
is primarily used for Group 3 service even though the 
hardness of the individual boride particles is greater 
than that of tungsten carbide. 


MISAPPLICATION OF HARD METALS 


In a great many instances the various hardfacing 
alloys are misapplied. Typical of this misapplication 
is the practice of using a chromium, cobalt, tungsten 
alloy for facing agricultural implements. The abrasion 
resistance of this alloy for this type of service is less than 
that of the original material used in the implement, 
which results in very poor service life. In addition the 
cost of this alloy is appreciable. 

Many of the failures in hardfacing can be attributed 
to the use of the wrong alloy for the job in question. 
Heretofore, great emphasis has been placed on proper 
technique of applying wear-resistant alloys whereas this 
has not always proved to be of primary importance from 
a service standpoint. Therefore, if any hard metal 
gives trouble in service a re-examination of the service 
conditions may be necessary to determine if the proper 
alloy has been selected for the job. Before condemning 
an alloy it should be determined that the proper hard- 
facing rod or electrode was used and the recommended 
technique for application was followed 

No one hard metal is suitable for the hundreds of 
different applications encountered in industry. Proper 
selection of the area to be hardfaced is just as important 
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as the alloy used. For example, on shear blades, hard 
metal is applied to the edge only, and not to the sides. 
This maintains a sharp cutting edge. Sharp blades are 
much more efficient than dull ones, use less power and 
lighter equipment is required to operate them. Inter- 
ruptions in service and expense for changing blades are 
reduced to a minimum. 

To derive maximum benefits from hardfacing the 
alloys should only be applied where needed. Hard- 
facing applied to areas not subjected to wear is wasted. 

A common practice which often leads to difficulty is to 
select a hardfacing alloy solely on the basis of its hard- 
ness. It is an established metallurgical fact that high 
hardness is not necessarily a criterion for good abrasion 
resistance. 

Selection of hardfacing alloys on a price basis also 
represents poor practice. In picking a welding rod or 
electrode for a certain application the selection must be 
based,on the economics involved. The alloy used must 
give maximum service per dollar invested. For exam- 
ple, in a mill that is regularly down every Sunday it 
would be wasteful to use an alloy on wobblers that 
gives a life of 9-10 days. It would be better to use a 
cheaper alloy having a service life of 6 days. 


DESIGN FOR HARDFACING 


After deciding on hardfacing as a means of increasing 
service life, three courses are open to the user. The 
original worn part may be hardfaced and returned to 
service; a new and unused part may be hardfaced and 
placed in service; a part may be fabricated from a low- 
cost base metal with the wearing surface hardfaced. 

In restoring used parts to their original condition, it is 


Fig. 8 Complex carbides, borides, eutectic, and solid 
solution phase in 1% C, 70% Ni, 159% Cr, 109% Fe (max.), 
3% B alloy deposited with oxyacetylene torch. Etch: 
Ferric Chloride. 500 

Microconstituent Microhardness,DPH 
Boride 
Complex carbide 
Eutectic 
Solid solution 
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Fig. 9 Building up wobblers and coupling boxes with an 
alloy suited for Group I service conditions 


well to bear in mind that hard-facing alloys are not 
‘designed to be used for complete buildup or replacement 
of material worn away. Generally the buildup or re- 
placement of worn metal should be made with a welding 
rod or electrode of an analysis similar to that of the base 
metal. 
and shape, a comparatively thin layer of hardfacing 


When the part has been rebuilt almost to size 


material is applied to bring it to finished dimensions. 
Enough excess is applied to allow for finishing where 
this is necessary. Generally speaking, hardfacing 
deposits are limited to a depth not greater than '/, in. 

In protecting new and unused parts the important 
consideration is the selection of the proper area for hard- 
facing. 
tection means wasted alloys, wasted labor, wasted gas 


Hardfacing applied to areas not needing pro- 


or current, and time not spent on some other mainte- 
nance job. 

Where only a small surface on a part must be wear 
resistant, it is more economical to make the part of some 
low-cost material and hardface the small area subjected 
to wear than to use a high-priced alloy steel, case hard- 
ened or otherwise heat treated. A base metal may be 
selected that is better suited for the job because of 
strength requirements than to make a compromise be- 
tween hardness and strength as would be the case if a 
tool steel and some form of heat treatment were selected. 
Only the strength, cost and availability of the base 
metal must be considered. After selecting a base metal 
“a hardfacing alloy may be selected which possesses the 
necessary characteristics to meet the service conditions 
whether abrasion, impact, corrosion or heat, or any 
combination of these factors is involved. 

Thus, a composite tool or part can be designed and 
constructed with the aid of hardfacing so that it will 
possess both strength-and hardness, representing an 
ideal combination without any of the bad features of the 
homogeneous mass. 
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Fig. 10 Railroad tamping bars being restored to their 
original dimensions with an alloy used to meet Group I 
service conditions 


For example when hardfaced shear blades are used it 
is possible to use a 0.45% carbon steel rather than a tool 
steel, and to hardface the cutting edges with a cobalt, 
chromium, tungsten alloy which retains its hardness at 
elevated temperatures. Hardfaced shear blades cut 
efficiently over a long period due to their ability to 
maintain their hardness in the presence of high heat. 


SERVICE LIFE AND COST 
Savings realized through hardfacing accrue as a 
result of the marked increase in life and the higher 


operating efficiency of the protected parts. Some 
typical examples of the savings which may be effected 
through the use of hardfacing alloys follows. 


Fig. 11 The flights on this cement screw conveyor have 
been hardfaced with an alloy suitable for Group 2 service 
conditions 
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Fig.12 Plow disks hardfaced with an alloy used to combat 
the effects of Group 2 service 


Coke Pusher Shoes 


A new shoe, which originally cost $100, pushed 
41,000 tons of metallurgical coke before it was worn out 
and had to be replaced. The Maintenance Dept. was 
given the problem of restoring the shoe to its original 
dimensions using the high-carbon-type rod to meet 
Group 3 service conditions. The cost of restoring the 
shoe to its original dimensions was $75, which included 
labor, cost of the alloy and plant overhead. The hard- 
faced shoe after being returned to service pushed 96,000 
tons of coke. 

An unfaced shoe cost $0.0024 per ton of coke pushed, 


Fig. 13 Restoring exhaust valves using a low-carbon type 
alloy suitable for Group 3 service conditions 
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while a shoe reclaimed by hardfacing cost $0.00078 per 
ton of coke pushed. This represents a savings of 
$0.00162 per ton, or 70%. One coke plant pushed 
6,100,000 tons of metallurgical coke in one year or a 
total annual savings of $9882 per shoe. 

In another coke plant a gradual increase in the ton- 
nage pushed with hardfaced shoes was noticed. This 
increase was attributed to the fact that the hardfacing 
on the bottom of the shee tended to level off the irregu- 
larities in the brickwork which in turn decreased the 
wear on the shoes. This plant reported an increase in 
life of a hardfaced shoe over an unfaced shoe of 300°. 


Clam Shell Bucket Lips 


A set of new clam shell buckets cost $1100 and for an 
additional $50 can be hardfaced with an alloy which is 
suitable for Group 1 service. After being hardfaced 
the bucket was returned to service in a slag processing 
plant. It was reported that the hardfaced bucket 
showed a 100°% increase in life over unfaced lips. 


Fig. 14 A fishtail drill bit hardfaced with an alloy suitable 
for Group 4 service conditions 

Other plants using buckets on ore bridges report an 
expenditure of $600 to recondition a set of badly worn 
buckets. However, this amount will give as much life 
as $2200 spent for new buckets. 

It is advisable to reface the bucket lips as soon as the 
hardfacing shows signs of wearing away. This will 
keep the lips at peak efficiency, thus keeping mainte- 
nance costs to a minimum. 


Diesel Engine Exhaust Valves 


Diesel engine exhaust valves, which originally cost 
$48 each, can be hardfaced after being in service at a 
cost of $5.00. The hardfacing alloy used for this 
application is the low-earbon-type rod for Group 3 serv- 
ice. 

The service life of an,unfaced valve as reported by one 
railroad is 50,000 miles whereas the hardfaced valve 
was in service for 150,000 miles. Thus $5.00 spent for 
hardfacing gave as much life as $144 spent for new 
valves. 

The number of valves in a diesel engine depends on 
the manufacturer of the equipment. Some manufac- 
turers have 12 exhaust valves in their engines making 
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the total savings considerable. Other savings which 
are not apparent are savings in smaller inventories of 
spare valves. 


Gages 


One plant reports a ncvel application of fine particles 
of tungsten carbide in rod form to snap gages. A drop 
of the molten rod was placed on the gage after which it 
was ground to size. The deposit is able to resist wear 
better than high-speed steel and yet be less brittle than 
sintered carbides. These are the primary requisites for 
an inspection tool. 

The cost of reconditioning a gage with a rod intended 
for Group 4 service conditions is very small when com- 
pared with the life extension. The plant reported that 
new gages could be used for 350 tests of size, after which 
the gage was discarded. The hardfaced gage gave a 
life extension of 30 times that of an unfaced gage. This 
reduces the inventory of spare parts by permitting gages 
to be refaced many times. 


Plow Disks 


One of the most profitable hardfacing operations 
from the users standpoint is the facing of plow disks 
with an alloy which is capable of resisting Group 2 serv- 
ice conditions. The actual cost of hardfacing a disk 
is relatively low. However, for the small expenditure 
for hardfacinzg over and above the cost of the disk, an 
increase in service life is assured. One farmer in the 
Midwest reported an increase in service life five times 
that of unfaced disks. 

Plow disks are used in sets of varying number depend- 
ing on the motive power available to haul the plow. 


The savings multiply by increasing the number of disks. 


There are also considerable savings in down-time and 
maintenance costs. 

Obviously, not all of the hardfacing applications will 
result in such spectacular savings. In general, marked 
savings do result from hardfacing. In analyzing the 
savings, the following factors must be considered: 


The additional cost due to hardfacing should be 
determined and compared with the savings resulting 
from longer life and more economical operation. Ob- 
viously, the initial cost of hardfacing is greater than 
that of unfaced parts. However, when the life of a 
hardfaced part is greater than that of a plain part the 
higher initial cost is absorbed many times in the over-all 
cost and a net savings results. 

Installation, maintenance and operating costs as well 
as the initial cost must be included in the over-all analy- 
sis to obtain a true comparison for both hardfaced and 
plain parts. The over-all cost of the hardfaced and 
plain parts divided by the respective units of service 
rendered by each gives the comparative cost per unit. 


SUMMARY 


Hardfacing is used primarily to increase the service 
life of parts subjected to wear. Proper evaluation of 
the actual service conditions is essential for a satisfac- 
tory solution to any wear problem. Knowing the actual 
service conditions under which a part operates and the 
properties of the various hardfacing alloys, an alloy can 
be selected which will be best suited for the application. 
After selecting the alloy a study of the wear pattern will 
show where the material is best placed to derive maxi- 
mum benefit. 

In comparing the cost of a hardfaced part to an 
unfaced part all of the cost factors must be taken into 
consideraticn to insure proper evaluation of the eco- 
nomics involved. 
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by L. P. Elly 


INTRODUCTION 


VER a period of years the welding and cutting arts 
have become familiar tools in the everyday main- 
tenance operation. Development of welding tech- 
niques, methods, electrodes and the great increase 

in scope of weldability have reached a state where most 
maintenance jobs now require the use of the mainte- 
nance welder. The application of the welding and 
cutting arts to maintenance operations under proper 
technical supervision has generally resulted in a better 
job, greatly reducing the cost of repairs through the 
saving of many hours of maintenance labor. The ex- 
panded use of welding ii maintenance has now reached 
a point where every departmental, maintenance force 
includes one or more welders. Thus we see that the 
welder has become an indispensable, vital maintenance 
tool. 


ORGANIZATION 


Maintenance in a steel mill is a large and diverse 
operation, including repairs to most all types of equip- 
ment. Maintenance welding can be divided into two 
types; (1) the small, routine, everyday type of job and 
(2) the larger, more complex job. The first type of 
job is done without much ado by the shop mainte- 
nance welder, generally without technical supervision, 
the success of the job depending on the ingenuity of 
the welder. The second type, however, requires a 
technical survey by supervision in order to determine 
the welding repair procedure to be used, including type 
of electrode, extent of preheat if any, preparation of 
the job for welding, welding sequence, time and welding 
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® Maintenance operations under proper control have re- 
sulted ina better job anda saving of time and money. Organi- 
sation, equipment, processes and techniques are important 
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force required to meet production needs of the job and 


postheat if required. In addition, generally outside 
welder personnel, drawn from a central pool of main- 
tenanced welders, is necessary to augment the depart- 
mental maintenance welder force in order to do this 
larger, more complex type of job. 

The maintenance welder generally is equipped with 
a welding table, welding machine, preheating facilities 
and accessory tools in a small section of the shop. 
Here the smaller jobs are repair welded in order to take 
advantage of available equipment such as work table, 
vise, power-driven grinding equipment, etc. Here the 
welder also fabricates replacement parts, new parts and 
replaces metal worn away in service with weld metal. 
Because some welding jobs must be done in place, the 
welder must also be equipped with a pertable welding 
machine, burning outfit, grinding and chipping equip- 
ment and small hand tools which he can readily trans- 
port to the job. 


THE CENTRAL MAINTENANCE 
WELDING SHOP 


In a large plant such as a steel mill the advantages 
of a central maintenance welding and machine shop 
have long been proved. To this shop is brought as 
much of the maintenance welding as possible in order to 
benefit. from the economies of mechanized welding 
where applicable, facilities for handling all types of 
maintenance welding jobs, complete machining equip- 
ment and a large scope of experience in this type of 
work. 

In smaller plants where a central shop of this nature 
presents too great overhead expense, its advantages 
can still be realized through the use of a well-equipped 
commercial welding shop to which work can be jobbed. 


MECHANIZED WELDING 


Direct operating labor today makes up over 80% of 
the cost of the average maintenance welding job. Ree- 
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Fig. 1 Submerged arc welding lathe 


ognizing thisfit is obvious that the most appreciable 
reduction in maintenance welding costs can be ob- 
tained by the mechanization of welding wherever pos- 
sible. Considerable savings can be realized through its 
greater deposition rate per arc hour. 

Of particular note in the central maintenance weld- 
ing shop is the application of the submerged are to the 
build-up of worn cylindrical parts such as shafts, rods, 
plungers, rolls, roll necks, ete. Figure 1 shows a typi- 
cal setup of equipment for building up these jobs with 
the automatic submerged are welding process. It is a 
machine lathe which turns the work to be overlayed 
with weld metal and a lathe carriage which carries the 
welding wire feeding mechanism and the flux hopper 
in a lateral direction as the round is turned in the 
lathe. The operation is the same as a machining oper- 
ation, with the welding arc, completely submerged 
under flux, replacing the cutting tool. The job pic- 
tured in the lathe is a worn table roller being restored 
to its original diameter with weld metal. 

The welding wire is uncoated and fed by wire feed 
rollers driven by a wire feed motor. The are voltage 
regulated through an electrical control circuit, varies 
the wire feed motor speed to automatically control the 
arc length. The flux is fed in two stages to the weld- 
ing are by gravity feed from the hopper mounted above. 
Figure 2 shows details of this two-stage method of feed- 
ing flux. Two-stage flux feeding tends to reduce flux 
consumption. 

A vacuum recovery unit should be provided for the 
submerged arc equipment, with the purpose of saving 
labor and flux, and keeping the flux where it will do the 
most good—on the work, not on the floor. 

In setting up this type of welding equipment, suffi- 
cient floor space should be available to (1) store work 
ahead of the unit, (2) provide dry storage of submerged 


welding flux, and (3) store welding wire in coil form. 
The welding wire reel on the unit should be mounted at 
floor level in order to eliminate excessive wire handling. 

Application of welding to high-carbon and alloy 
steels requires preheat, and facilities should be pro- 
vided for heating with fixed gas flames, not merely by 
a hand torch. In some cases it may be desirable to 
stress relieve the welded piece at some temperature 
above 900° F. and proximity to a suitable furnace may 
be a factor in locating the unit. ° 


Fig.2 Two stage flux feeding 
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With the submerged arc, a number of variables, in- 
cluding electrode type and size, flux type and size, 
current, voltage, surface speed and lateral feed, must 
be preset before starting the welding operation. Com- 
paratively small changes in these variables radically 
affect results, and it is important to maintain records 
of both the procedure used and the results obtained. 
The technical supervisor should be in charge of these 
records and standardize procedures for the operator’s 
use. 

Although most of the automatic build-up work to 
date has been done with mild steel electrodes, higher 
carbon and alloy electrodes are available and should 
find increasing use as experience and data are accumu- 
lated. The following submerged are electrodes are 
available: Low carbon, low alloy——high tensile, 0.60— 
0.75% carbon for building up wearing surfaces, 8.A.F. 
alloys—4130, 4330, 4340 and 6150, a representative 


Fig. 3 Welding gas engine piston rod 


range of stainless grades, 13°; manganese—3!9°%, nickel, 
and others. In addition, fabricated alloy wires for 
hard surfacing in several analyses ranging from Rock- 
well C32 to C55 in hardness are available. 

Hard surfacing with this process should open a new 
field of application, because the high deposition rate 
possible with the submerged are makes the application 
economical where the lower deposition rate of manual 
welding combined with high electrode costs renders 
many manual applications uneconomical. As the use 
of the process grows, the number of analyses available 
for deposit would be expected to increase. 
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Fig.4 Gas engine piston ready for welding 


The welding current may be either a. c. or d. c. de- 
pending on availability. However, there is a decided 
trend to consider d. ¢. on build-up work because of the 
increase in deposition rate when the electrode is nega- 
tive (straight polarity). 

In addition to the submerged are process for auto- 
matic build-up are the automatic coated wire are proc- 
ess, the composite rod are process and the flux tape 
process. In these the welding are is shielded and the 
electrode is fed to the arc by an automatic welding 
head. The coated wires produce good quality weld 
metal, but the deposition rate is limited as is manual 
are welding, by the are characteristics. 

The mechanization of maintenance welding in the 


Welded gas engine pistons 


Fig. 5 
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Fig.6 Welding gas engine piston—submerged arc 


central welding shop is further possible through the 
use of a manually operated submerged are welding 
machine. This unit attempts to bridge the difference 
between fully automatic are welding and manual weld- 
ing. The machine is portable, with a cable connected 
to the electrode handle which is held in the operator’s 
hand. Deposition rate and weld quality are equal to 
the automatic submerged are process, while the cost 
per pound of deposit is slightly higher. 

It is possible in the downhand position to make 
fillet welds, butt welds and perform build-up work with 
the unit, realizing deposition up to 30 lb. or better of 
weld metal are per hour. 

The operator is required to gage his weld size by 
touch and experience, but he does not feed the electrode 
as in manual welding, nor is his vision obstructed by 


the conventional welding hood. Satisfactory welds 


Fig. 8 


January 1949 


Fig.7 Close-up of welded mill spindle journal 


can be made with this unit by operators after a reason- 
ably short training period. 


SOME SUBMERGED ARC MAINTENANCE 
WELDING JOBS 


As mentioned, the build-up of worn round parts 
lends itself very well to the application of the sub- 
merged are welding process, with its high deposition 
rate and excellent weld metal physical properties. 
Several illustrations of round sections built up with 
this process on the equipment illustrated in Fig. 1 
follow: 

Figure 3 shows a 15-in. diam. gas engine piston rod 
‘being built up by the submerged are welding unit. 
The welding is being done with a. ce. welding current of 


525 amp. are voltage of 30 v., surface speed of 19 in. 


per minute and feed of */s in. per revolution. Weld 
metal deposition on this job averages approximately 
16 Ib. per are hour. The machining qualities of the 
weld metal are excellent and the machined surface under 
whiting test is completely free of porosity. It is to be 
noticed that the fused flux readily peels itself from the 


Welded roll journals 
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weld metal as it cools and the excess unfused flux falls 
into a container underneath the welding job, where it 
is screened and restored to the flux hopper for reuse. 
In order that the weld metal solidifies before it tends to 
run, the welding are is usually positioned about 1 to 
1}6 in. behind the center line of the surface being 
welded. This is necessary on all submerged are weld- 
ing of cylindrical shapes. 

In the maintenance of gas engine pistons it is neces- 
sary to periodically rebuild the piston ring lands which 
wear undersize in service. Figure 4 shows the gas 
engine piston with the old worn lands removed, ready 
for sumerged are welding. Figure 5 shows two gas 
engine pistons with the piston lands welded. The 
piston in the background was welded manually and the 
piston in the foreground was welded with the submerged 


MACH. BEFORE WLDG.TO 23°¢ 


ANALYSIS WELD DEP. | 04 35 20 
COST PREPARATION (MACH. & PREHEAT) $8 
WELDING (ELECTRODE.FLUX & LABOR) 154 
FINISHING (ANNEAL ,MACH & GRIND) 233 
TOTAL REPAIR COST 
‘ COST NEW ROLL $4500 
vi SERVICE NEW ROLL LIFE 200,000 TONS 


ROLL LIFE BEFORE WELDING 53,000 TONS ® 
ROLL LIFE AFTER WELDING 53900 TONS 


} REMOVED BECAUSE OF BADLY SCORED JOURNAL FOR WELDING RECLAMATION 
Fig.9 Data of welded roll journals 


are. The manually welded piston 

| required 125 welding man-hours; the 

_ submerged are welded piston, 30 

welding lathe-hours. In the sub- 
merged arc welded piston the old 
lands were completely removed as 
shown in Fig. 4, and the entire sec- 
tion was filled with weld metal. After 
welding, new piston lands were then 
machined in the piston. 

Figure 6 shows the submerged are 
welding of worn piston lands by build- 
ing up the vertical sides and across the 
face of the lands with the submerged 
are. In this application the land 
next to the one being welded acts as 
a vertical dam for the flux, so that 
the weld metal does not run down as 
the weld progresses up the vertical 
face of the land. The two steel 
rings which are welded on both sides 
of the piston serve as a shelf to hold 
the flux when welding the outer 
edges of the piston. This method 

of reclamation required 20 welding 
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Fig. 10 Welding of 42-in. gate valve bonnet 


lathe-hours. Where the worn lands are in good 
condition this application is the most economical of 
the three methods heretofore described. 


Figure 7 shows the sugmerged are welded journals 


Fig. 11 Hydraulic cylinder being welded 
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on a mill drive spindle. The journals were worn to 
181% in. diameter and rebuilt to 20'/, in. diameter, re- 
quiring approximately 240 lb. of 0.60°% carbon elec- 
‘trode per journal. The total are time required for this 
build-up was 32 are-hours, resultiig in an average dep- 
osition of 15 lb. of weld metal per arc-hour. Both 
ends of the welded section were built up in order to 
machine to a */, in. radius fillet in the finished spindle. 
Figure 8 shows the welded journals of a roll, the 
journals requiring weld metal to restore them to their 
original diameter. The entire roll was preheated be- 
fore welding with a gas burner as pictured, the roll 
being encased in sheet asbestos mounted on the frame- 
work. Because of the nature of the alloy steel being 
welded it was necessary to pack the weld beads very 
closely together. In order to weld this job with five 
weld beads to the lateral inch it was also necessary to 
operate the are at a lower voltage of 25 v. in order to 
obtain a small, compact weld bead. The job was 
welded with approximately 425 amp., 25 v., surface 
speed of 25-in. per minute and */,¢-in. feed per revolu- 
tion. 

Figure 9 shows the details of the submerged are weld- 
ing reclamation of a 46-in. cast-steel bloomer mill roll. 
The journals were badly scored in service which rend- 
ered the roll ‘‘scrap.’’ The scored journals were turned 
down to a 23 in. diameter, welded to 235/s in. diameter 
by the submerged are with 0.60°; carbon electrode and 
400° F. preheat, and then remachined to 23!/2 in. diam- 
eter. We see that a roll casting approximately $4500 
new was reclaimed from scrap for a total cost of $455. 
The welded roll since welding totaled 55,000 tons of 
product when the journals were again seored, necessi- 
tating rewelding. 


RECLAMATION OF BROKEN PARTS 


The repair of damaged or broken mechanical equip- 
ment comprises a large part of the maintenance weld- 
ing job. The repair job must be done in such a manner 
that a good balance between cost, time and quality of 
repair restilts. Generally the electric are or the oxy- 


ig. 12 Butt welded railroad crossing 
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Fig. 13 Butt rail joint finish welded 


acetylene welding torch provides the necessary means to 
repair damaged or broken equipment. Considerable 
care must be exercised in this type of work, because (1) 
analyses vary from part to part, (2) many pieces of 
equipment require preheat for successful weld repair, 
(3) effect of preheat on adjacent parts is sometimes de- 
trimental and (4) the location of the weld repair is very 
often poorly accessible and welding must be done in po- 
sition. 

Figure 10 shows the bronze-weld repair of a 42-in. 
cast-iron gate valve bonnet for water service. The 
valve bonnet was single beveled from the outside, as- 
sembled and tied together using two channels with tie 
rods and two heavy plates bolted across the bonnet 
flange face in order to maintain alignment during the 
brazing operation. The job was preheated with an oil 
torch to approximately 400 to 500° F. preheat and main- 
tained at this temperature during the entire welding 
operation. Approximately 100 lb. of manganese bronze 
was deposited in the weld, repair requiring 12 hr. of 
welding time. The bonnet, after completion of welding, 
was slow cooled and successfully withstood a hammer 
testing at 110 psi. water pressure. 

Figure 11 shows a large hydraulic cylinder being 
welded. The cylinder developed several cracks in the 
flange section in service. The defective flange end was 
machined off, a new flange section prepared and butt 
welded to the old cylinder wall. The double beveled 
“J” groove in the 8-in. wall involved 14 ft. of butt 
welding. The job, mounted on rollers, was preheated 
to approximately 300° F. by a semicircular gas bur- 
ner. The circumferential butt weld is being welded 
from the inside at the bottom and the outside at the 
top. In addition, the worn bearing ring in the top end 
of the eylinder is being built up for remachining. Ap- 
proximately 1300 lb. of E 6020 electrodes was used to 
complete this weld reclamation. 

Figure 12 shows an over-all view of a typical steel 
mill roadway railroad crossing. The various converg- 
ing tracks involve about 19 rail joints. Prior to pressure 
concrete grouting of rock ballast under and between the 
wooden ties, the joints were all electric are welded, Plie 
rail ends are beveled for welding by oxyacetylene burn- 
ing and the burned surfaces are ground smooth. The 
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Fig. 14 Welded roll neck stripped 


head and web are double beveled and the flange single 
beveled to an included angle of 40°. The rail joint is 
then assembled on a */;-in. base plate, the rail flanges 
skip welded to the base plate, leaving a '/s-in. gap in the 
weld joint. The welding is done with 5/-in. E 6012 
electrodes to within °/32. in. of the top of the rail head. 
“Two layers of hard-surfacing weld metal are then de- 
posited on the rail head. Rails are preheated approxi- 
mately 18 in. from each rail end to 500° for burning 
and welding. The welding is alternated from side to side 
_ after each layer when a single welder is used. However, 
' generally two welders are used per joint. The web is 
: welded first, the base second and the head last. 
_ Figure 13 shows the finish welded joint ready for 
‘service. The finish welded joint has been slow cooled 


hig. 15 Welded shear blade 


and the weld reinforcement on the top and sides of the 
rail head has been ground off. 

In the repair of heavy equipment involving large 
quantities of weld metal the Thermit welding process 
very often presents a satisfactory solution. Figure 14 
shows a finishing roll neck to which a new wobbler end 
is welded. The neck, 20 in. in diameter, was squared 
and counterbored for a 3-in. pin. The new wobbler 
section was squared and also counterbored. The joint 
was then assembled as shown, leaving a 2-in. gap be- 
tween the sections. After preforming the joint with 

yax and sand molding, the entire roll was preheated to 
approximately 500° by means of gas burners within a 
brick furnace and the area immediately adjacent to the 


weld preheated to approximately 1700° F. by a kero- 
sene burner. The Thermit reaction takes place in the 
hopper suspended by an overhead crane above the mold 
and as soon as the reaction has been completed the pour- 
ing tap is opened and the molten metal poured into the 


Fig. 16 Bottom section—welded gear housing 
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mold. Figure 14 shows the finished job stripped. The 
risers were then burned off with an oxyacetylene torch. 
The reclamation of the finishing roll, requiring 750 Ib. of 
Thermit mixture, was done for approximately one-third 
the cost. of a new roll. 


FABRICATION OF NEW REPLACEMENT 
PARTS 
fy In many maintenance welding jobs the cost of recla- 
mation is prohibitive and it is found that the fabrica- 
tion of replacement parts by welding is a more economic 
Very often, in addition to re- 
duction of cost, this method provides a new part which 


method of reclamation. 


will result in better performance or longer life, or a com- 
bination of both. 
most interesting done by the maintenance welder. Here 


This type of welding is probably the 


the welding and cutting arts really come into their own 
in the maintenance welding field. 

Figure 15 shows a picture of a fabricated shear blank 
for a hot mill shear as-welded ready for machining and 
grinding. The blank of 1040 analysis is surfaced with a 
tool steel-weld metal deposit, applied with the electric 
are on all four cutting edges. This permits the blade 
to be turned from cutting edge to cutting edge as it 
wears. The short gouges running perpendicular to the 
knife edges are filled with hard-surfacing material to 
prevent the base metal from mushrooming and thus 
causing the tool steel weld deposit to spall. The fab- 
ricated blade has not only resulted in longer blade life 


than the conventional analysis shear blade, but also has 
shown better shearing quality. There are many pos- 
sible applications in the steel mill for the weld-fabri- 
cated shear blade. 

Figure 16 shows the bottom section of a straightening 
machine housing fabricated by welding from structural 
shapes and plate, cut to size by the oxyacetylene flame, 
and are welded together. The split bearings are shape 
cut from plate and welded to the “X’’ shape supports. 
The entire assembly was stress relieved before machin- 
ing. 

CONCLUSIONS 

The preceding illustrations give us some idea of the 
extent of welding being done in steel mill maintenance, 
clearly indicating large savings in maintenance costs. 
It ‘is also to be noted that every welding process and 
type of welding equipment serve the maintenance 
operation beneficially. 

The future course of maintenance welding in the 
steel mill will stress the centralization of maintenance 
welding operations in a central shop where the econo- 
mies of mechanized welding and efficient supervision 
can be realized. 

Present-day material and labor costs are high. Such 
an economic picture demands the successful reclama- 
tion rather than replacement of defective equipment. 
Recognition and use of welding in maintenance becomes 
absolutely necessary to meet this demand. 
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Hard Facing with Inert-Gas-Are Welding 


by K. H. Koopman 


INTRODUCTION 


HEN parts of machines, equipment 

or tools are subject to localized wear 

or corrosion, it is frequently advan- 
tageous to surface these areas with an 
appropriate alloy by means of one of 
several different welding processes. Sur- 
faced parts have lasted from 2 to 44 times 
as long as unsurfaced parts in service. 
Therefore, costs of parts and maintenance 
and loss of production can be reduced 
considerably by extensive use of surfacing. 
Parts already worn out may be reclaimed 


by building up the worn areas with sur- 
facing alloys. 

In the early days of welding when the 
value of hard-facing and surfacing with 
various alloys was first recognized, the 
oxyacetylene welding process was used 
primarily. This process ordinarily pro- 
duces the best quality deposits with the 
least amount of porosity, eracks and 
dilution with the base metal. 

Metal are welding soon became popular 
for surfacing operations because of its 
rapid rate of weld metal deposition, 
especially on relatively large masses of 
base metal. However, metal-are deposits 
generally are less efficient than oxyacety- 
lene deposits due to porosity and greater 
penetration into the base metal. The re- 
sulting greater dilution of the hard-facing 
alloy decreases its wear- and corrosion- 
Good quality deposits are 
made with the atomic-hydrogen process, 
but a slow deposition rate with high gas 


resistance. 


consumption makes this process unduly 
expensive, 

A few Field applications and experi- 
mental tests made in the Development 


. H. Koopman is a Development Engineer 
Linde Air Products Co., Newark, N. J. 
This paper was presented at the Twenty-Ninth 
Annual Meeting, A.W.S., Philadelphia, Pa., week 
of Oct. 24, 1948 
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® The inert-gas-shielded arc-welding process lends 


itself to hard facing and surfacings operations. 


Proper 


procedures have been developed and. are described 


Division of The Linde Air Products Co. at 
Newark, N. J., and at the Union Carbide 
and Carbon Research Laboratories, Inc., 
at Niagara Falls, N. Y., indicated that the 
inert-gas-shielded — arc-welding 
could be applied advantageously to hard 
facing. The inert-gas-shielded arc-weld 
deposits generally were superior (o metal- 


process 


are hard-facing deposits, but it was de- 
sirable to know how closely they could 
approach the quality of oxyacetylene de- 
posits, made on mild steel by hand weld- 
ing. It was also desired to develop pro- 
cedures for surfacing mild with 
metals other than hard-facing alloys and 
to hard surface base metals other than 


steel 


mild steei. 

This paper describes the results of an 
investigation undertaken with the follow- 
ing objectives: 


1. Developing correct inert-gas- 
shielded are-welding procedures 
for hard facing mild steel by 
hand welding. 

2. Determining the quality of the 
hard-facing deposits. 

3. Developing hard 
facing base metals other than 
mild steel. 

4. Developing procedures for surfacing 


procedures for 


or cladding mild steel and stain- 
less steel with metals other than 
hard-facing alloys. 


Part I of the paper describes hard 
facing of mild steel, Part I] describes hard 
facing of copper and copper-base alloys 
and stainless steel, and Part II] describes 
surfacing of mild steel and stainless steel 
with metals other than hard-facing alloys. 


CONCLUSIONS 


1. Inert-gas-shielded are hard-facing 
deposits on mild steel have substantially 
less dilution with the base metal than 
metal-are deposits, but slightly more than 
oxvacety lene deposits. 

2. The inert-gas-shielded are process 
will produce less distortion than the oxy- 
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acetylene process because the rate of heat 
input is more rapid. 

3. Good quality deposits, high dep- 
osition rate and low distortion obtained 
with the inert-gas-shielded are 
make it advantageous for use on many 
applications. 


pre 


The inert-gas-shielded are 
process offers a happy medium between 
the oxyacetylene and metal-are processes, 
with respect to distortion and deposit 
quality for hard facing with many alloys. 

4. Backhand welding technique with 
ACHF (high-frequency-stabilized  alter- 
nating curtent) is the preferred method 
of hard facing small sections or parts of 
mild steel with the inert-gas-shielded 
This 
maximum weld hardness and minimum 


are process. technique produces 
penetration of the deposit into the base 
metal, and thus approaches conditions 
obtained with the oxyacetylene process. 
After the first layer is deposited, either 
ACHF or SPDC (straight polarity direct 
current) can be used for depositing addi- 
tional layers of the hard-facing alloy. 

4A. With forehand using 
straight polarity direct current at high 
welding currents, 


welding, 
deposition rates are 
2'/, times those obtained with metal are 
welding, and the deposit quality is superior 
to metal are deposits. Forehand welding 
is recommended for hard facing massive 
parts or large areas because of the high dep- 
osition rates possible with good quality. 

5. The inert-gas-shielded are process 
produces deposits of substantially higher 
hardness and lower penetration than those 
produced by the metal-arc process. 

6. An argon flow of 12 1. per minute 
is preferred to deposit all the hard-facing 
alloys at a desirable rate with the back- 
hand technique. 

7. The welding 
deposits metal faster and requires a lower 
argon flow of 6 1. per minute, but causes 


forehand technique 


slightly more dilution with the steel base 
metal. 

8. Copper can be hard faced with No. 
6 cobalt-chromium-tungsten alloy for pro- 
ducing excellent wear resistance. 
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Weld No. 03001 Weld No. 03039 


Fig. 1 Inert-gas-shielded arc deposits of No. 6 alloy on mild steel 


Weld No. 03013 Weld No. 03009 


Fig. 2. Inert-gas-shielded arc deposit of No. 12 alloy on Fig. 3 Inert-gas-shielded arc deposit of No. I alloy on 
mild steel mild steel 
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Weld No. 03006 Weld No. 03030 


Fig. 4 Inert-gas-shielded arc deposit of No. 93 alloy on Fig. 5 Inert-gas-shielded arc deposit of Hascrome on 
mild steel mild steel 
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9. Copper and silicon-bronze can be 
hard faced with aluminum-bronze. 
10. Stainless steel can be hard faced. 
11. Mild steel can be surfaced with 
aluminum-bronze, stainless steel and lead. 
12. Mild steel and stainless steel can 
be surfaced with copper and silver. 


PART I—HARD FACING OF MILD 
STEEL 


Methods of Application 


Hard-facing deposits were made on one 
surface of '/:- by 2'/:- by 3-in. mild steel 
plates with a Heliare* HW-4 torch. Vari- 
ous techniques of welding were tried with 
each type of alloy. Two different rates of 
argon flow, 6 and 12 |. per minute, were 
also tried to determine the effect of gas 
protection on the flowing characteristics 
of the hard-facing alloys. 

The first layer of the deposit was made 
with ACHF (alternating current with 
high-frequency are stabilization) and 
backhand technique, in an effort to make 
deposits having the minimum dilution of 
the alloy with the steel base metal. 

ACHF with the forehand technique was 
also tried because this method was ex- 
pected to allow an intermediate welding 
speed with moderate dilution. 

DCSP (straight-polarity-direct current) 
with the forehand. technique was tried be- 
cause this method might allow. the fastest 
welding rate, although ‘his technique was 
expected to cause the most dilution due to 
the greater penetrating characteristic of 
DCSP compared to alternating current. 

A second layer was deposited in order to 
have a deposit of about */\.-in. thickness 
for a more complete hardness survey. 
Kither ACHF or DCSP could be used, as 
the weld puddle did not penetrate below 


| the first layer and cause additional iron 


contamination. DCSP and the forehand 
technique did not produce penetration 
through the first layer. This method also 
seemed to be the fastest and required only 
6 |. per minute argon flow for depositing 
the second layer. Therefore, DCSP with 
the forehand technique was used to de- 
posit the second layer 


Test Procedure 


In this investigation, several factors 
were considered of primary importance. 
Quantitative information pertaining to 
One 
was the time required to cover the surface 
of by by 3-in. mild steel plates 
with one layer of the hard-facing material. 
Photographs of the surface of the first 
layer were taken. A second layer was 
then deposited at a higher speed (about 5 


these factors was obtained. factor 


min. to deposit the second layer of all 
alloys) with DCSP. Photographs of the 
final surface of the deposit were also taken 


*Heliare’ is a trademark of The Linde Air 
Products Co. 
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to illustrate the quality of the deposits. 
A few of these photographs are shown in 
Figs. 1 to 5. 
The penetration of the alloy deposit into 
the base metal was also measured. This 
was done by measuring in thousandths of 
an inch the distance between the bottom 
of the deposit and the bottom surface of 
the steel plate. These measurements were 
taken on polished and etched cross sec- 
tions. An average of 10 readings sub- 
tracted from the original thickness of each 
steel plate gave the penetration value. 
This value indicates the relative amount 
of dilution of the alloy with the base metal 
near the interface. It is a convenient 
method in conjunction with 
measurements to compare the weld de- 
*posit quality with that of deposits made 
with the metal-are or oxyacetylene proc- 


hardness 


esses, 

Rockwell hardness surveys were made 
on the polished and etched surface of cross 
Readings were taken on a 
diagonal line from the weld interface to 
the deposit surface. The vertical distance 
between each hardness reading and the 
weld interface was measured microscopi- 


sections. 


cally. This was done to determine the 
variation in hardness with base metal 
dilution. The hardness was expected to be 
lower near the weld bond than at the weld 
surface for most of the alloys tested be- 
cause of the increase in iron content near 
the weld bond. 

The general weld quality was also re- 
vealed by these cross sections. 


Test Results 


The details of the welding characteris- 
ties and welding time for depositing the 
alloys are listed in Table 1. 

The surface quality and cross section of 
some of the deposits are illustrated by 
photographs. 

Since the flewing characteristics and 
desired weld quality of each alloy are 
different because of differences in chemical 
composition, each alloy will be discussed 
individually. The flowing characteristics 
influence the amount of dilution that 
occurs. For example, alloys that flow 
sluggishly require a higher welding current 
to make them flow smoothly and therefore 
may pick up mort of the base metal. 


Table 1—Welding Conditions and Welding Characteristics of Alloys 


Welding Welding 

Weld Argon current time, 

No. lom.* amp. Current Technique min.:sec. Remarks 
03001A No. 6 alloy 6 100 ACHF Backhand 22:30 Flows slowly 
03002 =No. 6 alloy 6 100 ACHF Forehand 12:00 Flows well 
03007 ~=No. 6 alloy 6 120 DCSP Forehand 11:50 Flows well 
03039 =No..6 alloy 12 110 ACHF Backhand 10:30 Flows well 
03003 =No. 1 alloy 6 100 ACHF Backhand 25:00 Spatters 
03004 =—No. 1 alloy 6 100 ACHF Forehand 11:40 Flows well 
03009 No. | alloy 6 120 DCSP Forehand 11:40 Flows well 
03040 =No. 1 alloy 12 120 ACHF Backhand 10:30 Flows well 
03012 No. 12 alloy 6 100 ACHF Backhand 27:00 Heavy slag 
03013 No. 12 alloy 6 100 ACHF Forehand 13:30 Some slag 
03010 No. 12 alloy 6 120 DCSP Forehand 12:40 Flows well 
03041 = =No. 12 alloy 12 110 ACHF Backhand 13:00 Flows well 
03005 = No. 93 alloy 6 100 ACHF Backhand 24:00 A heavy 

scummy slag 
forms 
03006 No. 93 alloy 6 100 ACHF Forehand 12:30 Some slag 
03011 No. 93 alloy 6 120 DCSP Forehand 13:00 Some slag 
03042 = No. 93 alloy 12 120 ACHF Backhand 11:00 Flows well 
03017 ~—— Die extruded 6 115 ACHF Backhand 25:00 Heavy scum 
Hascrome and spatter 
03016 Die extruded 
Hascrome 6 100 ACHF Forehand 12:00 Flows well 
03014 Die extruded 
Hascrome 6 120 DCSP Forehand 12:30 Flows well 
03030 ~=Die extruded 
Hascrome 12 140 ACHF Backhand 14:00 Flows weil 
03033 Die extruded 
Hascrome 12 130 ACHF Forehand 7:00 Flows well 
03034 Die extruded 
Hascrome 12 130 DCSP Forehand 12:00 Flows weil 
03019 Rolled Hascrome 6 115 ACHF Backhand Slag and spat- 
ter so bad 
that deposit 
could not be 
completed 
03018 Rolled Hascrome 6 120 ACHF Forehand 18:00 Metal spatters 
03015 Rolled Hascrome 6 160 DCSP Forehand 19:00 Heavy viscous 
slag 4 
03026 Rolled Hascrome 12 140 ACHF Backhand 11:30 Flows well 
03025 Rolled Hascrome 12 130 ACHF Forehand 13:00 Flows well 
03029 Rolled Haserome 12 170 DCSP Forehand 7:00 Flows well 
* To convert to cfh. multiply by 2.1. Imp.—liters per minute. efh.-—eubie feet per 


hour 
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Discussion 


No. 6 Alloy.* This is a nonferrous 
alloy containing mainly cobalt, chromium 
and tungsten with about 1°) carbon. It 
is one of the most widely used of the non- 
ferrous hard-facing rods. Since dilution 
in metal-are welding has been the main 
o of the quantity 


problem, only about 5 
of this alloy used is now deposited with 
About 95°, of the alloy used 
is now deposited with the oxyacetylene 


this process. 


process. 

Inert-gas-shielded arc-welding tests in- 
dicated that No. flowed 
with backhand welding using ACHF and 
When the argon 


6 alloy slowly 
6 |. per minute argon. 
flow was raised to 12 |. per minute the 
welding speed was approximately doubled, 
so that it was about the same as with the 
ACHF or DCSP forehand welding with 6 
1. per minute argon flow. 

Comparative hardness values and pene- 
tration into the base metal are given in 
Table A. Also included, for the purpose of 
comparison, are values obtained on metal- 
are deposits. 


hardness of 
oxyacetylene deposits as the 
literature* is 40, although it has been ob- 


tockwell 
given in 


The average 


served to average 42 on many occasions. 


ACHF or DCSP and 6 |. per minute argon 
flow 

The values of hardness and penetration 
are listed in Table B 


Table B 


Distance from weld 


interface, in 0.020 0.040 0.060 0.080 0.100 0.120 
Welding technique — —Rockwell C Hardness- ~ Penetration, in. 
ACHF-B 43 44 45 45 45 44 0.015 
ACHF-B* 42.7 46.5 48 45.5 45.5 47 0.014 
ACHF-F 42 41 42 41 41 $1 0.029 
DCSP-F 36 39 42 43 43 43 0 032 
* This deposit was made with 12 1. per minute argon flow—others with 6]. per minute. 


The hardness of the inert-gas-shielded arc 
deposits compares quite favorably with 
that of The 
average penetration of the oxyacetylene 
deposits is on the order of 0.005 in. which 
is less than that of inert-gas-shielded arc 


oxyacetylene deposits. 


deposits. 

The inert-gas-shielded arc welding proc- 
ess using the ACHF backhand technique 
should tompete favorably with oxyacety- 
lene welding on the basis of quality for 


Table A 


Distance from 
weld —_inter- 
face, in. 0.020 0.040 0.060 0.080 0.109 0.129 0.209 
Welding Penetration, 
technique ~Rockwell hardness- - ~ in. 

Inert-Gas-Shielded Arc* 
ACHF-B 38 36 38 38.5 38.5 39 022 
ACHF-B?® 40 40 42 43.5 43 0.016 
ACHF-F 37 37 38 37 37.5 38 0.031 
DCSP-F 35 36.5 38 37 7 37 0.026 
Metal Arc* 

120 Amp. 28 28.5 $2 39 39 39 39 
140 Amp.# 27 29 29.5 30.5 34 34.5 38 
150 Amp.* 28 30 32.5 35 36.3 37 39 0.050 
160 Amp. 25 26.6 28 29.5 33 34.5 36.5 ' 
200 Amp. 24 26 27.5 30.5 33 34 


* Two layers. 

* This deposit made with 12 1. 
© Three layers. 

4 Could barely hold a steady welding are. 
¢ Welding current normally used. 


The data indicate that the average level 
of hardness of the inert-gas-shielded are 
deposits was higher than that of the metal- 
are deposits. Also, the hardness of the 
metal-are deposits was low near the weld 
The average hardness of metal- 
C” 31, as given 


interlace 
are deposits is Rockwell 
in the literature.* This compares closely 
with 0.060 in 


from the weld interface and is much lower 


the above data at about 
than that with the forehand technique in 
inert-gas-shielded arc welding, but it was 
necessary to use an argon flow of 12 1. per 
minute to keep the penetration low. This 
gas flow rate allowed the No. 6 alloy to 
flow ahead smoothly At 61 
flow rate too much heat had to be applied 
make the No. 6 flow 


causing overheating 


per minute 


to alloy ahead, 


and excessive dis- 


solving of base metal 


made by the Haynes 


Alloy 
Ind 


s literature. 


* Stellite No. 6 
Stellite Co., Kokomo 
* Haynes Stellite Co 
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per minute 


ar 


‘gon flow—others with 6 1. per minute. 

With all welding 
techniques, the inert-gas-shielded are proc 
ess is superior to metal-are welding for 


many applications. 


hard facing, as indicated by these test re- 
sults and by smoothness of surface. 

Figure 1 illustrates the good surface of 
deposits made with No. 6 alloy. 

Vo. 12 Alloy.t 
cobalt, chromium, tungsten alloy between 
No. 6 and No. 1 alloys in hardness. Since 
dilution is the main problem, most of this 


This is a nonferrous 


rod is also deposited by oxyacetylene 
welding at present 

Inert-gas-shielded are-welding tests in- 
dicated that with 6 1. per minute argon 
flow a heavy slag decreased the speed of 
welding when backhand welding was em- 
ployed. An increase in argon flow to 12 
l. per minute doubled the welding speed 
with the backhand technique, because less 
slag was formed. The welding speed with 
ACHF backhand then compared favor- 


ably with that of forehand welding with 


+ Stellite No. 12 Alloy 
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The best hardness and least penetration 


was produced with the backhand tech- 
nique and 12 |. per minute argon flow. 
These hardness values are slightly less 


than the 48 average readings for oxyacety- 
Since metal-are welding is 


not normally used for depositing No. 12 


lene deposits. 


Stellite, hardness values are not com- 
pared. 
Figure 2 illustrates the surface of de- 


posits made with No. 12 alloy. 
No. 1 * This is a 


cobalt, 


Alloy nonferrous 


chromium, tungsten alloy con- 


taining 2.5°7 About 
of this rod is now deposited by the oxy- 


carbon two-thirds 
acetylene process and one-third by metal- 
are welding. 

The inert-gas-shielded arc-welding tests 
indicated that with 6 lL. per minute argon 
flow the rod boiled and spattered with the 
backhand technique. The metal flowed 
well and at twice the speed with this tech- 
nique when the argon flow was raised to 
The welding speed then 
compared favorably that of 
hand welding with 6 |. per minute argon 
flow. 

For ease of comparison, the values of 
listed in 


12 |. per minute. 


with fore- 


hardness and are 
Table C. 


It was again shown that the best hard- 


penetration 


ness and least penetration was produced 
backhand 12 1. 


The above hardness values 


with welding and per 
minute flow. 
are equivalent to the average of Rockwell 
C 54 normally obtained in oxyacetylene 
deposits They are superior to the Rock- 
well C 43 to 46 hardness of metal-are de- 
posits. On the basis of quality, the inert- 
be 


this 


gas-shielded arc-welding can 


process 


considered good for application ol 
alloy, 

As in the case of No. 6 alloy, it is of in- 
terest to that the 


with alternating current produced 


note backhand tech- 
nique 
deposits of the highest hardness with 12 |. 
per minute argon flow, but lowest hardness 
with 6 |. per minute argon flow. With the 
lower argon flow the No. 1 alloy flowed so 
that 
base metal 

Figure 3 illustrates the surface of de- 


slowly it dissolved too much of the 


posits made with No. 1 alloy 


Alloy made by the Haynes 


* Stellite No. 1 
‘ no, Ind 


Koko 
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Table C 
Distance from 
weld interface, 
in. 0.020 0.040 0.060 0.080 0.100 0.120 
Welding technique C Hardness Penetration, in. 
ACHF-B 50 53 54 56 51 51 0.031 
ACHF-B* i4 60 58 58 58 58 0.017 
ACHF-F 55 51 52 52 53 55 0.030 
DCSP-F 57 57 55 56 56 55 0.022 


* This deposit was made with 12 |. per minute argon flow—others with 6 lL. per minute. 


No. 93 Alloy. This is an iron-base alloy 
containing about 40°% chromium, cobalt, 
molybdenum and vanadium. It is now 
deposited by the oxyacetylene and metal- 
are processes. The rod is less expensive 
than Nos. 1, 6 and 12 alloys because of the 
lower alloy content. 

Inert-gas-shielded arc-welding tests in- 
dicated that with 6 1. per minute of argon, 
a heavy, scummy slag formed when back- 

hand welding was employed. Increasing 
' the argon flow to 12 1. per minute doubled 
| the welding speed with this technique be- 
' cause less slag was formed. This alloy 
F flowed well with 6 1. per minute argon flow 
‘with forehand welding, either ACHF or 

The values of hardness and penetration 
are tabulated in Table D. 

Because this rod flowed sluggishly with 
the backhand technique and 6 |. per 


rolled, are used as bare rods for oxyacet- 
ylene welding or as coated electrodes for 
metal-are welding. Most of the rods are 
used in the Minnesota iron mines on ore- 
processing equipment. Seventy per cent is 
deposited by the metal-arc and the balance 
by the oxyacetylene process at present. 

Inert-gas-shielded arc-welding tests were 
made with */\-in. diam. die-extruded rod 
and '/-in. diam. rolled rod, both rods 
being uncoated. The die-extruded rod 
possessed better welding characteristics 
than the rolled rod, because of the slight 
difference in chemical composition. These 
rods flowed much better with 12 1. per 
minute argon flow than with 6 lL. per 
minute. 

The values of hardness and penetration 
are tabulated in Table E. 

The hardness of these deposits varied 
considerably just as it varies from 22 to 


Distance from weld 
interface, in. 


0.020 0.040 0.060 


Table D 
0.080 0.100 0.120 


Welding technique — —Rockwell C hardness-——-—-_—~ Penetration, in. 
: ACHF-B 55 53 52.5 53 53.5 54 0.025 
ACHF-B* 55 57... 0.012 
ACHF-F 60 61 60 59 60 59 0.016 
; DCSP-F 60 57 58 58.5 59 59 0.017 


* This deposit was made with 12 1. per minute argon flow—others with 61. per minute. 


Minute argon flow, it seemed to dissolve 
More of the base metal than with the fore- 
Band welding. Therefore the hardness 
Values listed in the first line above were 
low. In deposits made with the forehand 
technique, the hardness was quite close to 
the average of 62 for oxyacetylene de- 
posits and higher than the 56 for metal-are 
deposits in the as-welded condition. The 
hardness can be increased by 4 to 7 points 
Rockwell C after heat treatment consist- 
ing of heating to 1950° F. and air cooling. 
This heat treatment is sometimes used for 
this alloy. 

The surface appearance of one of these 
deposits is shown in Fig. 4. 

Work-Hardening Alloy.* This alloy is 
an iron-base alloy containing chromium 
and manganese. It is usually austenitic 
and soft in the as-welded condition but in 
service it work-hardens considerably; 
that is, upon being mechanically worked, 
the Rockwell C hardness increases from 23 
to about 43 because of a breakdown of the 
austenite to a martensitic microstructure. 

These welding rods, both extruded and 


49 in metal-are and oxyacetylene deposits. 
This variation is caused by the different 
microstructures that exist in different 
zones of each successive weld bead of 
Hascrome Alloy. The least amount of 
penetration of the alloy into the base metal 
was produced by ACHF backhand welding 
with 12 |. per minute argon. 

The surface of a weld deposit is shown 
in Fig. 5. 

Dilution of the Alloy with the Base Metal. 


The advantage of the inert-gas-shielded 
are process over the metal-are process in 
reducing the contamination of the hard- 
facing alloy with the base metal is clearly 
shown in Fig. 6. The first layer of the 
metal-are deposit is changed considerably 
in chemical composition as indicated by 
its etching characteristic. The deep 
penetration of the metal-are deposit into 
the steel base metal is objectionable. All 
these welding tests demonstrated that on 
the basis of weld quality, the inert-gas- 
shielded are process lies between oxyacety- 
lene and metal-are welding in its applica- 
tion to the field of hard facing. Using 
backhand welding technique with ACHF, 
the maximum weld hardness and mini- 
mum penetration of the alloy into the base 
metal approached closely that usually 
obtained in oxyacetylene welding. 

Rate of Deposition of Hard-F acing Alloys. 
All these tests had been carried out in an 
effort to produce the highest quality de- 
posits with minimum dilution with base 
metal. The rate of deposition was about 
the same as with the oxyacetylene process, 
namely, about 2 lb. per hour. 

Additional tests were then made at high 
welding current values in order to deter- 
mine the quality and rate of deposition 
with that of metal-are deposits made at 
the highest rate possible. 

The fastest rate of deposition of coated 
No. 6 alloy electrode with the metal-are 
process is approximately 4 lb. per hour 
with a '/,-in. diam. coated electrode. The 
penetration of the hard-facing deposit is 
even more than that shown in Fig. 6, 
which was made at a lower welding cur- 
rent. 

Deposits were made with the inert-gas- 
shielded are process with 480 amp. 
straight polarity direct current and an 
argon flow of 10 1. per minute. The fore- 
hand welding technique was used in mak- 
ing these deposits of '/,-in. rod on '/:- by 
3- by 12-in. mild steel plates. The rate of 
deposition was 10 lb. per hour which is 
2'/, times the rate of metal are deposition. 
As shown in Fig. 6 (A), the penetration 
into the base metal was very much less 
than for metal are deposition. This inert- 
gas-shieldeqd deposit had a Rockwell C 
hardness that ranged from 38 to 43 from 


Table E 


Distance from weld inter- 
face, in. 
Welding technique 


0.020 0.040 0.060 0.080 0.100 0.120 
————Rockwell C hardness -——-—~ 


Penetration, in 


Die extruded rod 


ACHF-B 21 21 20 21 20 20 0.024 
ACHF-B* 28 30 29 27 28 29 0.015 
ACHF-F 31 36 32 37 35 31 0 026 
AC JHF-F ° 34 30 30 31 32 0.030 
DCSP-F 47 43 43 32 32 0.025 
DCSP-F* 40 42 36 30 28.5 29 0.046 
Rolled rod 
ACHF-B* 30 30 30.5 31 35 25 0.017 
ACHF-F 23 27 21 0.032 
AC -F ° 40 40 41 35 32 32 0.036 
DCSP-F 39 44 39.5 39 37 35 0.045 
DCSP-F 39 36 33 31 36 34 0.036 


* Hascrome Alloy. The term “Hascrome” is 
registered trademark of Haynes Stellite Co. 


ute. 
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* These weld deposits made with 12 1. per minute argon flow—others with 6 |. per min- 
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Fig.7 Inert-gas-shielded arc deposit 
of No. 6 alloy on '/2-in. thick copper. 
x1 


Weld No. 03039 thick copper, 230 amp. DCSP was used 


Fig. 6 (Upper) Inert-gas-shielded arc weld deposit made with No. 6 alloy with with a '/s-in. electrode and an argon flow 
1 2 of 8 1 per minute The Heliare HW-4 


ACHF. Backhand technique shows little penetration into base metal. | X 2 


torch was inclined at an angle of about 60° 


with the horizontal and with the are 
directed mainly against the welding rod 
after the base metal had been heated to 
slightly below the melting point with the 


are. 
ss These deposits of No. 6 alloy on copper 
# had a Rockwell C hardness of 42 and 
showed little dilution with the copper. A 
cross section is shown in Fig. 7. At the 


time these deposits were made, it was the 
first time that copper had been success- 
fully hard faced with this type of an 


alloy. 


(Lower) Metal-are weld deposit made with No. 6 alloy at 150 amp. DCSP shows a 
noticeable penetration into base metal. X 2 Hard Facing of Copper and Silicon- 
_ Bronze with Aluminum Bronze‘ 


Hardfacing of relatively soft copper and 
silicon-bronze with another copper-base 


alloy of higher hardness would often in- 
crease the life of parts made with these 


alloys and still give essential physical 


properties normally associated with these 


alloys. It was found that copper and 


silicon-bronze could be surfaced with 


various grades of aluminum bronze having 
Brinell hardness levels of 200, 250 and 
300. These bronzes contain approxi- 


mately 10°; aluminum, 5°, iron, balance 


copper and resist wear much better than 


copper and silicon-bronze. The aluminum 


Fig. 6 (A) Inert-gas-shielded arc deposit of No. 6 alloy made with forehand 


technique and 480 amp. DCSP. Rate of deposition, 10 lb. per hour. X bronzes will find increasing use in the 


future because of their good hardness and 


tensile strength 
DCSP is recommended for this sur- 


* the weld interface toward the deposit Hard Facing of Copper with No 6. facing with an argon flow of 6 1. per 
surface. These values are higher than the illoy* minute 


average of 31 to be expected from metal- 


are deposits made at high welding cur- In many cases it would be desirable to 
‘ rents. combine the good thermal conductivity of Hard Facing of Stainless Steel 
These tests indicated that the rate of copper and the good wear resistance of a ; ; 
deposition was 2'/, times that possible cobalt-chromium-tungsten nonferrous al- Hard facing of austenitic chromium- 
with metal-are welding and at the same loy such as No. 6 alloy A welding pro- nickel stainless steel parts ” often done. 
time the quality of the inert-gas-shielded cedure was developed for hard facing of Tests made indicated that the same goa 
are deposits was superior \ further in- copper with little penetration of the alloy eral procedure and welding | conditions 
vestigation of these good test results will tute, then copper The procedure bs oppo- should be used 3 fon hard facing mild 
be conducted in conjunction with field site to the backhand method used to hard- steel with the Co-( r-W type alloys. | In 
tests in order to determine the full bene- face steel with a minimum of dilution general, the hard-facing penetrates into 
fits of the inert-gas-shielded are process to For hard-facing of */«in. thick deoxi- the stainless steel slightly more than into 
the whole field of hard facing. dized copper with No. 6 alloy, 180 amp. mild steel for a dieing welding technique. 
DCSP was used with a 4/,-in. diam. As compared to mild steel, the lower 


melting temperature of the base metal 


tungsten electrode and an argon flow of 8 

PART H—HARD FACING OF l. per minute For hard facing !/2-in. 
COPPER, COPPER-BASE ALLOYS > 

AND STAINLESS STEEL Alloy made by Haynes Stellite Made by Ampco Metals, Inc Milwaukee, 


allows slightly more alloving to occur. 
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Fig. 8 Inert-gas-shielded arc deposit of aluminum bronze made on mild steel. 
xX 2 


PART HI—SURFACING OF MILD 
AND STAINLESS STEELS WITH 
ALLOYS OTHER THAN HARD- 
FACING ALLOYS 


Surfacing with Bronze and Copper 


| Mild steel or cast iron parts are surfaced 
for built up with bronze for many applica- 
jtions. Welding tests indicated that these 
‘two base metals could be surfaced with 
faluminum bronze with the inert-gas- 
‘shielded arc-welding process. The fore- 
Thand welding technique is recommended 
pwith the use of either ACHF or DCSP. 
For surfacing '/:-in. thick base metal, a 
welding current of 150 amp. was used with 
jan argon flow of 6 1. per minute. 
' Three different grades of aluminum, 
bronze were used, each having a different 
‘average Brinell hardness of 200, 250 and 
These copper-base bronzes, con- 
ining about 10% Al and 5° Fe, flowed 
Smoothly with no fuming during the sur- 
facing operation, and produced a smooth 
Sound deposit. A typical deposit is shown 
in Fig. 8. 

Mfid steel or stainless steel also can be 
@ad or surfaced with copper, using about 
the same welding conditions and tech- 
Gique. A smooth sound deposit can be 


Fig. 9 Inert-gas-shielded arc deposit of copper on mild steel. X 2 


made by using a copper welding rod* con- 
taining about 0.25°% Si, 0.15°> Mn and 
0.75°% tin. Figure 9 illustrates the cross 
section of a deposit of copper on mild 
steel. 


Surfacing with Silver 


Stainless steel was clad with silver (fine). 
A smooth sound deposit was made on the 
pickled surface of '/s-in. thick, type 347 
stainless steel plates using 160 amp. ACHF 
and an argon flow of 6 1. per minute. No 
dilution of the silver could be detected as 
chemical composition after deposition 
corresponded to that of the original silver 


* Anaconda No. 372 made by the American 
Brass Co., 


Waterbury, Conn 


wire. The forehand or backhand welding 
technique can be used. DCSP was not 
tried, but it is reasonable to assume that it 
will perform satisfactorily. 


Surfacing Mild Steel with Stainless 

Steel 

Mild steel can be surfaced with most of 
the austenitic and ferritic type stainless 
steels without the use of flux. The exact 
welding current depends upon the size of 
base metal section being surfaced. Either 
DCSP or ACHF can be used with an argon 
flow of 6 1. per minute. In general, the 


forehand welding technique is preferred 
because it is the easier and more common 
method of welding used by most operators. 


Surfacing of Steel with Lead 


Mild steel has been clad with lead with 
this welding process also. DCSP with 
the forehand welding technique was found 
to be the most suitable. In order to pro- 
mote the capillary flow of the lead along 
the steel surface a liquid soldering flux 
should be applied to the ground or pickled 
steel surface. Low values of welding cur- 
rent, 75 amp. were used to deposit the 
lead because it has such a low melting 
point. An argon flow of 4 to 5 |. per 
minute (about 9 efh.) was used. 
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» Effect of Arsenic content of base metal on the maximum 
hardness of affected zone of welded mild steel and alloy 


Effects of Arsenic on the Weldabilities of Steels 


steels. Effects of arsenic contents of steels on their forge— 


by Harujio Sekiguchi, Seiichi Ando, 
Kazuo Hotta and Yoshikazu Moriwaki 


N WELDING of steel, a part.of base metal adjacent 
to weld metal is affected and hardened by welding 
heat. The maximum hardness of this part of 
structural special steels is higher than that of low 

carbon steel. If the maximum hardness becomes 
higher, the cracking tendency in the affected zone in- 
creases. 

Accordingly, cracking in the affected zone easily 
occurs in structural special steels in comparison with 
the case of mild steel. It is an interesting problem 
whether the maximum hardness of the effected zone be- 
comes higher or lower when a pretty amount of arsenic 
is contained in the base metal. 

In this report, the authors investigated the effect of 
arsenic content of the base metal on this maximum 
hardness and further on cracking in the affected zone of 
special steels, and from the experimental results they 
concluded as follows: 

(a) The maximum hardness of the affected zone of 
low carbon steels increases with the increase of 
arseni¢ content. 

(6) The maximum hardness of the affected zone of 
Cr-Mo steels or Si-Mn-Cr steels decreases with 
the increase of arsenic content. 

(c) In case of the above mentioned structural special 
steels, the cracking tendency of the affected 
zone due to are welding deposition decreases 
with the increase of arsenic content. 

These facts can be explained sufficiently as follows. 

If arsenic exists in ferrite grains in the state of solid 
solution on the one hand the hardness of the ferrite 
grains increases, but on the other hand the quenching 
hardenability of such steel decreases when the steel is 
cooled from higher temperature A, transformation 
point. 

University, Seiichi Ando member of the Wailway Technical Reseorch 


Institute, Ministry of Transportation, Kazuo Hotta and Yoshikazu Moriwaki 
are Graduates of the Faculty of Engineering, Nagoya University, Japan. 


Abstracted from the Journal of the Japan Welding Society, Nos. 6 and 7 
ose 
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weldability and oxidation. 


Third and fourth reports 


It seems to be likely that the hardness of a low carbon 
steel is mainly influenced by the former factor, but the ¢ 
hardness of the above mentioned structural special steel 
If the 
maximum hardness of the affected zone decreases with 


is influenced strongly by the latter factor. 


the increase of arsenic content of the base metal, the 
cracking tendency of the affected zone decreases. 

From various literatures, the authors are informed 
that as long as a large amount of arsenic is not con- 
tained in a base steel, resistance butt welding, seam 
welding and flash-butt welding are possible, but forge 
welding is impossible or difficult even if a little amount 
of arsenic is contained. Owing to these literatures, the 
authors considered that the cause of this impossibility or 
difficulty is the formation of oxide film by heating of the 
steel containing arsenic. Therefore, in order to ascer- 
tain this view, they carried out a simple forge welding 
and an oxidation test and they concluded as follows: 


(a) In case of carbon steels of Cr-Mo steels, there are 
tendencies that with the increase of arsenic 
content the oxide film, which is formed by 
higher temperature heating, increases and the 
forge weldability decreases. That is to say, 
arsenic in steel promotes the formation of oxide 
film of the steel and this film interrupts forge 
welding. 

(b) It seems to be likely that in case of low carbon 
steels containing less than 0.38°% arsenic, 
forge welding is possible if borax is used and in 
case of Cr-Mo steels containing more than 
0.52°% arsenic, in the range of their experi- 
ment, forge welding is difficult and the upper 
limit of arsenic contents of forge-weldable 
steel was not clear for lack of lower arsenic steel 


specimens. 


On these facts, the authors tried to make simple con- 
siderations. 

With the increase of arsenic in steel, arsenic concen- 
tration increases in ferrite grains as matrix and groups of 
ferrite grains, which have higher arsenic concentration, 
are formed by segregation. Accordingly, it is supposed 
that the hardness of ferrite grains having higher arsenic 
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content is higher and their adhesive property at high 
temperature is lower than that of ferrite grains without 
arsenic. 

On the ground of the experimental results and the re- 
port of Cameron and Waterhouse* (it says that if forge 


* Cameron, A. E., and Waterhouse, G. B., Iron and Steel Inst, 113, 355- 
374 (1926). 


welding is carried out with special flux, medium carbon 
steels containing arsenic show good forge weldability), it 
is easily understood that the formation of oxide film is 
the important factor which interrupts the forge weld- 
ability. 


The Resistance-Welding 
Characteristics of the Dry. 
Disk Rectifier Welder 


Discussion by T. M. Roberts 


The advantages of a three-phase balanced load from 
the power distribution point of view are almost too well 
known to need mention, but this appears to be the only 
sal advantage of this machine, despite the multiplicity 
of claims put forward in the article. In the introdue- 
tion it is claimed that the power demand remains 


ssentially constant regardless of machine throat depth. 
Examination of Fig. 9, however, indicated that this is 
pot quite proved. Comparison of kva. demand for 18- 
nd 60-in. throat shows that in the case of the single- 
hase machine the kva. demand increases by some 40%, 


While that of the three-phase machine increases by some 
95°. This point is very good indication of the 
Machine's sensitiveness to ohmic resistance in the 
secondary loop; this being so, then the system must be 
highly sensitive to material surface condition. The 
negative resistance characteristic of the rectifier would 
again amplify this condition when working on the low 
currents. This point is illustrated in Fig. 11. 

It is not uncommon for machine manufacturers 
deliberately to design equipment with low efficiency in 
order to swamp the effects of external variables such as 
are encountered in the normal production. Since 
secondary resistance is important, efficient maintenance 
of the contact joints is essential. 

No indication is given of the rectifier life and it would 
be interesting to know whether the internal resistance 
of the Mg-CuS rectifier increases with age as is the case 
with the copper oxide unit. 

No indication is given of the effect of line voltage 
variations on current output, but Fig. 11 indicates that 
line voltage variations will have a noticeable effect when 
operating on low currents. 


T. M. Roberts is a member of the staff of the British W elding Research 
Assn., London, W.1., England. 


The paper by R. H. Blair and C. E. Smith was published in the September 
1948 issue of Toe W e_pine Journat, p. 679. 
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The article points out that a machine using a welding 
impulse of alternating polarity will produce welds which 
alternately offset with respect to the joint faces. The 
micro photographs show this point (Fig. 15), but also 
show that all welds are uniformally offset as produced 
by the dry disk rectifier machine. This is very notice- 
able in Fig. 25. ¥ 

It is interesting to note that this machine has been 
used for the welding of aluminum and its alloys, but no 
evidence is put forward with respect to electrode pickup 
when spot welding these materials. The photographs 
indicate that pickup will be more marked on one elec- 
trode, a feature generally observed on d.c. type ma- 
chines where polarity is nonreversible. The lengthy 
weld current cycle, combined with rather a slow initial 
current rise, suggests that electrode pickup would be 
rather troublesome. 

It would be interesting to learn the reasons for the 
unusual lower arm design and whether this is the result 
of an attempt to reduce the number of joints in this 
member. 

The foregoing comments are offered as fair criticism 
based on the limited amount of data provided and, no 
doubt, some of the points raised are susceptible to 
explanation. It does remain, however, for the writer 
to congratulate the engineers concerned for their efforts 
in producing a machine of novel design, capable of ful- 
filling some of the rather exacting requirements of the 
production plants. It is the writer’s opinion that the 
machine will be most useful in the field of projection 
welding. 


Discussion by H. E. Dixon 


This is an interesting paper about an interesting 
process. It is very easy to read and is written in concise 
simple terms. One expects much from a reading of the 
foreword, but to the research worker the subsequent 
contents are rather an anticlimax. If is disappointing 
to find so little satisfactory evidence in support of the 
extensive claims made for the machine. It is not satis- 
factory to include macrographs without adequate 
description of the welding conditions or the weld prop- 
erties. It is obvious, however, that fundamentally, the 


H. E. Dixon is a member of the staff of the British Welding Research Assn, 
London, W.1., England. 
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Chrome Steel in Locomotive Firebox Applications 


® Results of experimental and production work performed in the 


by Howard L. Miller 


N 1926 the first experimental application of 18% 
chrome steel side sheets was made to a Nickel Plate 
R. R. Mikado type freight engine. The side sheets 
were three-quarter side sheets and were welded in 
place by a representative of the Quasi Are Co., a pioneer 
in production of covered electrodes. Stainless steel 
rods 18-8 analysis were coated by the Quasi Are method 
of wrapping the rod spirally with asbestos cord, im- 
pregnating afterward with reducing agents. 
These side sheets were in service 2 yr. for 130,000 
miles and were removed after that period of service and 


Howard L. Miller, Metallurgist, Railroad Development, Republic Steel Corp., 
Cleveland, Ohio 


Presented at the Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, 
Pa., week of Oct. 24, 1948 


3/,-in. hole 


Max. dish 
H. 0.104 
1 Pas: 3 V. 0.063 _ 
vein. Av. 0.084 
No. 6015 rod Stress 14,688 No. 6010 Rod 


No. 
C-Mo Pl. 


Max. dish 
H. 0.097 
0.072 
Av. 0.084 
Stress 14,688 


1 Pass 
No. 6015 rod 
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welding of 18% chrome steel plates in locomotive firebox applications. 
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found to be in excellent condition. A carbon steel side 
sheet from the same class of power on the same division 
with the same mileage was ordered out due to cracking 
at staybolt holes, from three to eight cracks were found 
in 68 staybolt holes in the hot zone of this plate. Both 
plates were exhibited at the Atlantic City Railroad 
show. The carbon steel plate had over 8 in. of curvature 
or dish when removed from the engine. The dish on 
the 18°) chrome steel was not over 2in. This showed 
that the chrome steel had developed much less internal 
strain in service than the carbon steel and would there- 
fore be less liable to crack around the staybolt holes. 

In 1930 a complete firebox, with two syphons of 18; 
chrome steel, was applied to a new eight-wheel switcher 
being built in the W. & L. E. R. R. shops at Brewster, 
Ohio. This firebox had been in service for 18 yr. to date. 
All flues and tubes have been removed four times and 


45° Bevel on 
bolt 
0.249-in. hole 


45° Bevel on 
bolt and PI. 


3/y-in. hole 


Max. dish Max. dish 


H. 0.031 dtd i H. 0.034 | 

V. 0.045 Pass V. 0.045 | 
Av. 1/,-in. 64 Av. 0.040 
Stress Sob No. 6015 rod Stress 8739 


No. 5 
Firebox Pl. 


hole 


dish 
0.077 
V 0.029 
Av. 0.043 
Stress 9363 


Max. 
H 


2 Passes 
1/,-in. 
No. 6010 rod 


| A 
| 7 No.2 y No. 3 
430 PI. 430 Pl. 430 PI. 

| 

| ‘ | | 

| All plates */,-In. thick, all staybolts 1 in. diam., 12 threads per inch except No. 5 | : 

Fig. 1 
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Type 1—Seal welded 
Standard riveted type 

Strength of joint, aver- 
age of three: C steel 16013 rod. 
21,430 Ib., dish */s in.; | joint: 32,600, 33,535, 
C-Mo, 25,323 Ib., dish | 32,780 Ib. 
18° Cr 25,260 three, 32,972 dish 
Ib., dish */y in. in. 


Strength of | Weld 1 


Strength of Staybolts to Pl. Joints (PIL. */s in., bolts 1 in., 


Type 4 


2 Passes E6010 rod. 
18% Cr steel pl. Aver- | 18° Cr (swelled out). 
age 21,720 lb.; dish * 
in. Weld too hard, try in. C “Mo average, 
25/20. C-Mo average, 35,535 Ib.; dish ®/3: in. 
26,160 Ib.; dish in. 

Both steels cupped. 


Mo steel. 


Fig. 2 


re now in place for the fifth setting and welding opera- 
ion with the original flue sheet still in place, and with no 
vidence of corrosion or cracking between the flues. 

The welding was all hand welding in the production 
nd installation of this job. All welds in syphons and 
rebox were butt welds only. Where 18°; chrome plate 
yas welded to the same analysis a rod containing 28°% 
hrome with no nickel was used, the one exception 
‘ing in closing up the crown sheet to syphon flange 
eld. In this case one edge and both ends were welded 

With 28°, chrome rod. The other edge or side was 
Welded with 18%, chrome-8% nickel rod where the 
closing weld pulled against the opposite side when cool- 
ing. The greater ductility of the 18-8 rod was better in 
this particular case. 

All welds in which common steel was welded to 18°, 
chrome were made with a type of rod now classed as 
6010. These were the firedoor flange welds and the 
flue-to-flue sheet welds. 

The practice followed in setting the 5-in. flues and 
2-in. tubes was as follows: 


The holes for flues and tubes were drilled and 
countersunk at a 45° slope halfway through the sheet. 
The tubes were swedged down as usual and the ends 
trimmed so that when the tube was set in the sheet 
up to the shoulder of the swedge, the end would not 
project more than 1 in. past the face of the sheet. No 
copper ferrules have been used at any time on this 
job. 

The tubes were then roller expanded lightly, just 
enough to fit close and then welded in without bead- 
ing down. While still hot from welding, the edge of 
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Type 2 
18%, Cr steel pl.; | 18% Cr steel pl. C’sk. 
E6013 rod. 


Average of | joint: 28,840, 
Average, 26,970 Ib.; dish, 


Strength of 
27,110 Ib. 


| 38,670 Ib., °/s2-in. 
Average 40,605 Ib. 
| 18% Crs ates! 179 BHN. | 
Flat | 


Type 6 


2 Passes E6010 rod. 1 Pass. £6010 rod. C- 
Strength of 
Average, 22,820 Ib. ; dish : 23,240 
i 24,060 Ib., dish 7/32 in.; 
Average, 23,650 in. 


Type 8—Special beveled | 
head 
18° Cr steel pl. 1 Pass 
1/,-in. | E6013 rod shot after | Strength of joint: Un- | 
weld. Strength of joint: | welded C steel pl. 120 
35,000, 36,170, 36,560 Ib. BHN. 20, 120 Ib.; 
Average, 35,910 Ib.; dish, | in. dish. : | 
5/32 in. 18°) Cr 179 BHN. 
770 Ib., '/s-in. dish. | 
12 threads per inch C-Mo pl. 149 BHN. 1 
Pass '/s-in. £6010 rod. 
41,340 Ib., °/»-in. dish; 
dish 


Type 7 rod; 28,670 32 110. 

welding 25 20 rod. | 

1 Pass E6010 rod. C- | Passes. 18° Cr, 45,520 | 

Mo steel. Strength of | Ib.;*/s-in. dish. Carbon, 

Ib., dish | joint: 29,500 Ib., dish 34,790 Ib.; dish 

26,570 dish 

Average 28,035 


weld was run over with a beading tool to smooth 
down the surface and counteract the heat shrinkage 
effect. 

In removing tubes a 45° countersunk tool with an 
air motor has been used to cut back the weld and 
tube to the original depth. The tubes are then easily 
loosened with a gouge and removed for cleaning. 
Some of the small tubes in the bottom section have 
been removed and replaced seven times without 
damage te the sheet. E6010 type rod is used in this 
application with normal heat and amount of metal 
deposited. 


The steel used in these early applications contained 
about 0.08° carbon, 18.00°; chrome and 1% silicon. 


plate 


VBHN—5-Kg. Load 
Posi- 
tion of 
Hard- Sample Sample 
ness 2 3 


Ne. 2. No. 430 steel welded to 0.50 molyb- 
stock using 25/20 ' s-in. diam. 
ads. Horizontal seam. 


No. 3. No. 430 steel welded to 0.50 molyb- 
denum plate stock using 25 20 '/;-in. diam. 
rod. Vertical seam 


Fig. 3 
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This steel was somewhat brittle at room temperature. 

The first two side sheets were removed because in 
redriving the staybolt heads after 130,000 miles we de- 
veloped one small crack in each sheet at a staybolt hole. 
The shop temperature in October at Conneaut, Ohio, 
was not any too warm for staybolt driving. 

The analysis has been modified to reduce the silicon 
to less than 0.50°% and the analysis at present is 
actually tougher than ordinary steel at room tempera- 
ture and all the way up to 1000° F. 

Two other 18°, chrome steel plates were installed in a 
nickel plate Mikado that was in serviee out of Frankfort 
for 7 yr. and were then removed because carbon steel 
sheets in that territory were found to be badly grooved 
after that amount of service. However, the 18°, 
chrome steel was found to be in perfect condition and 
if it were possible to adequately inspect the inside sur- 
feee alone the mud ring where grooving occurs, these 
plates might still be in service. 

In summarizing of service tests, all we can say is that 
so far no 18°% chrome steel plate has failed in service 
from either corrosion or cracking or other cause not 
controllable. We found that with the high silicon type 
the plates should be heated by running live steam in the 
blowoff valves. When warm this steel will withstand 
an abnormal amount of hammering on staybolts or 
eaulking. 

If anyone should now be thinking of applying either 
side sheets or a full firebox of this 430 steel we can make 
the following recommendations as to welding practice, 
based on tests that have been made within the last 
year. 


Procedure in applying 18°; chrome steel side 
sheets in existing fireboxes: , 
1. Remove old sheet and prepare, lay out and 

drill 430 steel sheet. 

2. Build up on edge of 25/20 rod bead about 
3/1, in. thick along top edge and ends of 
plate by setting plate at 45° and using a 
copper bar to back up the weld or use two 
copper bars with plate on edge in vertical 
position and wad in the trough. 

3. Recut the firebox to fit the edges of 430 plate 
and searf the edges of old plate at 30 to 
45° for welding searf. 

4. Weld in place using 25/20 rod in usual prac- 
tice as to heat except that string bead 
practice is better than weaving across the 
weld and that the sealing in weld should 
never run over onto the chrome plate but 
should stop on the built-on weld metal. 
This will prevent a strain from cooling, 
pulling directly on the plate with an as- 
welded structure as the built up metal acts 
as a cushion between the strain at the last 
bead fusion zone and the original fusion 
zone line in the 18% chrome plate. 

II. New fireboxes in old or new locomotives: 
1. All welds where 18 chrome is on both sides of 
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weld should be welded with 25/20 rod. In 
this case it is not necessary to build up 
edges before joining. 


All welds 18% chrome to Regular O.H. or 


moly or nickel steel should follow the 
practice in building up edges with 25/20 
before welding to the other analysis. 


All welding should be by hand and stepback 


of about 6 in. runs seems to work best in 
joining two edges. In building up edges 
with 25/20 welding straightaway is satis- 
factory. 


Automatic submerged are welding is not rec- 


ommended for joining 18% chrome to 
other types. We have made several test 
runs, and the welds are sound and not 
hard, using a plain carbon wire with a low 
hydrogen flux; but the difficulty seems to 
be that if we weld much over 24 in. long 
runs the difference in shrinkage on cool- 
ing, between the low expansion stainless 
and the other types of steel, sets up a 
differential strain that causes the 18% 
chrome to crack along the line of fusion. 
With hand welding, the process is much 
slower and the length of heat-affected 
seam so much shorter that this trouble does 
not oecur. Neither would it occur in serv- 


No. I No. 2 


No. 3 No. 4 No. 5 


Fig. 4 Cold bend tests on welded Type 430 plates 


Hand weld. LH70 electrode 


Hand weld. 25/20 electrode 
Hand weld. One side LH70 electrode. Other side 


One side hand weld 25/20 electrode. Other side automatic 
60 electrode 
Automatic weld. Both sides L 60 electrode 
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— LEGEND — 
AI S1-430- LONGITUDINAL 


” 


@—-— PL. CARBON-LONGITUDINAL 


CHART MADE FROM AVERAGE VALUES OF 
3 TESTS EACH POSITION EACH TEMP. 


TRANSVERSE 


» ” TRANSVERSE 
80 ] 
70 t 4 
| a 
” 60 T 
a } } 
tana 
3 4 oe 
| 7 N. 
30 
~ 
THIS END FOR COLO | ™. 
HEADING IN WRAPPER 20, t wes = 
SHEET OR FOR FLANERY > = i 
TYPE K FLCXIBLE 
Bor 10 : 
Fig. 5 Miller Staybolt 
This sketch shows a suction through the ° | | 
firebox plate of a new design head for a welded +32 +80 2i2 350 500 650 800 1000 


staybolt with a reduced body and one threaded 
end for the wrapper sheet for either a riveted 
end or a ball nut flexible type end 


Keyhole notch tests on */s-in. plate stock. 


ice, because there the heating is general, 
not local, the temperature reached much 
lower and the rateof cooling is muchslower. 

Most of the interest in application of 
18°; chrome steel to fireboxes at present is 
in regard to side sheets and the lower part 
of the door sheet, and we have not 
enough testscompleted tosay that automatic 
submerged are process will work out satis- 
factorily in longer seams in the same ma- 
terial, but it is definitely unsatisfactory in 
welding long seams of the 18°, chrome 
with higher expansion steels. 

5. Welding staybolts. In applying a steel for a 
long life expectancy some better method of 
setting staybolts than cold heading should 
be employed. 

Seal welding of staybolts 
is now being employed by 
but the heading operation is useless in this 
case as the weld would be of no value un- 
less it melted clear through the hammered 
over-metal and fused into the plate itself 
to form a joint with the plate and the body 
itself of the bolt. 


after heading 
several roads 


The writer and L. E. Grant of the C. M. st. P. & 
P. R. R. conducted a series of experiments on welding 
of staybolts in connection with the Master Boilermakers 
Assn. meeting in September of this year. This work un- 
dertaken to develop the extent of the stresses on the 
plates using different methods of welding staybolts and 
then to find out the actual strength of the joint be- 
tween bolt and plate by pulling them apart in a special 
jig in a tensile testing machine. 

The stress analysis tests were run by welding 25 
staybolts in a 20-in. square */s-in. firebox plate and then 
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TEMPERATURE IN DEGREES FAHRENHEIT 


Fig. 6 Charpy impact values 


AA Enduro (AISI 430) vs. plain carbon firebox 
steel at P 


measuring the depth of bulge in the plate due to weld 
shrinkage from welding on the one side of the plate. 
Results obtained were expressed in terms of the amount 
of “dish”’ or ‘‘out of flat” at the center of the plate when 
measured in the vertical and in the horizontal direction 
to obtain the average amount of ‘“‘dish.”” This value 
was used as a “deflection under load”’ figure and the re- 
sultant stresses were calculated from this value. The 
chart Fig. 1 shows the resultant fiber stress on the 
hack of the plate due to the weld shrinkage. If the 
plate were held flat during and after welding as in an 
actual firebox condition the stress on the welded side 
would be double the figure shown. However, the 
application of heat to the welded side, setting up an ex- 
pansion stress on the hot side of the plate, due to the 
temperature difference between the hot and cold faces 
of the plate, will in a large measure counteract the 
effect of the weld shrinkage and a plate with welded 
staybolts might come up to service temperature con- 
ditions with little, if any, stress in the plate around the 
bolts. If the staybolts were cold headed the plate then 
would come up to heat with a considerable compression 
stress on the bolts and cool down with the plate around 
the holes in a circumferential tension stress. This is 
actually what causes the cracking of plate around the 
staybolt holes in service. 

In testing the strength of joint between staybolt and 
plate, 4-in. diam. cireles of */s-in. plate were cut and 
holes were drilled and tapped for i-in. standard No. 12 
thread, for threaded bolt tests. 

Straight 1-in. diam. holes in plates were used in some 
tests and various other combinations of drilling and 
countersinking were used. 

The values obtained in various designs and on plain 
carbon, carbon moly and 18%, chrome steels were 
drawn up into a chart Fig. 2, which is self-explanatory. 

In welding staybolts in 18° chrome plate it is con- 
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sidered advisable to use the E6012 for the projecting 
ends such as Types 1 and 3 in Fig. no. 2. The counter- 
sunk welds as in Types 2 and 8 should work better 
with 25/20 rod. 

The beveled head Type 8 in the chart Fig. 2 and 
type no. 5 is being considered by several roads for 
application as it allows the bolt head to give a great 
deal of support to the plate while the weld acts both 
as a seal and additional wedge in resistance to pushing 
the plate over the bolt end. See notes at end. 

In conclusion: 18°; chrome steel can be and has been 
successfully welded to carbon steel or to itself in fire- 
boxes and, by reason of its higher strength at elevated 
temperatures, its lower thermal expansion and its good 
corrosion resistance, should give much longer service 
than either ordinary steel or the regular alloys. 


The Vickers Brinnell Hardness readings in the welded 
zone of several sample welds are shown in Figure 3 


and the cold bend tests on welds in Fig. 4. Figure 
6 is a chart showing the comparison of Charpy 
impact tests on ordinary carbon steel firebox plate and 
type 430 annealed steel plates. These tests were made 
after welding the metal at temperature one hour be- 


fore testing. 
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Heliare Process 


LEAN, corrosion-free welds were demanded in the 
fabrication of these aluminum fuel tanks. Each 
tank required approximately 40ft.of welding. Speci- 
fications required that all inside surfaces affected by 
welding be cleaned of scale, weld spatter, foreign mat- 
ter and also treated for corrosion. The fabricator elim- 
inated these operations by using the Heliare inert gas- 
shielded arc-welding process. Instead of flux, the He- 
liare process uses argon, an inert gas, to shield the tung- 
sten electrode and the weld area from oxidation andthere 
can be no corrosive flux inclusion in the welds. This 
method of welding produces smooth, nonporous welds 
which are normally so clean that no postweld cleaning 
is required. 
The tanks were fabricated from 10-gage, 3S8-'/.H 


longitudinal seams 
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Fabricating Aluminum Fuel Tanks with the 


aa 
Fig. 1 Welding operator making the finish weld on one of the 
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aluminum and all welding was done with the Heliare 
HW-4 torch. The top and front side were formed from 
one sheet of aluminum and the bottom and back side 
from a second sheet. After two baffle plates were tack 
welded to the bottom section, the top section was put 
in place and tacked along the two longitudinal seams. 
Tack welds, 3 in. long, were made in the center and on 
each end of the 87-in. longitudinal seams. Between 
these welds, 1-in. tacks were made every 6 in. The 
welding operator then finished tacking the baffle plates 
on the inside. End plates were fitted on and tack 
welded every 6in. Wear plates-——'/, in. thick, 8 in. wide 
and 50 in. long—were welded to the bottom of the tank. 
The sump was the last piece to be tacked to the tank 
before all the seams were completed. The two steel inlet 


Fig. 2 Completed tank in upright position 
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pipes were rubber flanged and riveted to the top section 
prior to assembly. Total welding time, including tack 
welds, was approximately 1°/, hr. With the Heliarc 
Process the rapid welding rate results in’ a small heat 
spread, and therefore minimum warpage. This made it 
possible to do all assembling without the aid of any jig- 
ging. 

Current used was high-frequency stabilized alternat- 
ing current—100 amp. for tacking; 130 amp. for baffle 


plates; 150 amp. for wear plates and 80 amp. for side 
seams and corner welds. Filler rod (5°% silicon) was 
added on all welds. 

The inert gas-shielded are-welding process has made 
rapid strides in the fabrication of all types of metal. 
The outstanding characteristic of the process is that, 
with the exception of copper, '/, in. or thicker, flux is 
not required in the welding of any of the common com- 
mercial metals and alloys. 


Valve Repair 


by Paul C. Mingee 


HE picture (Fig. 1) illustrates a valve fabricated 

by the Boiler Shop, Balboa Mechanical Division, 

The Panama Canal. The unusual procedure fol- 

lowed in the construction of this valve is a credit 

to welding and is not only time saving but has advan- 

tages for future repairs. The original valve, a cast-iron 

product (shown at the left of Fig. 1), was removed from 

a ship that was forced to stop for repairs while in transit 

of the Canal. It was found to be cracked and com- 

pletely broken in places where a repair would be imprac- 

ticable, as some of the fractures were inaccessible to 
torch or chipping gun. 

After due consideration and to expedite the ship in 


Paul C. Mingee is president of Boilermakers’ Lodge No. 463, Balboa, C. Z. 
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Figure I 


its return to service, it was decided that fabricating the 
part from steel would be most practicable. It took 
excellent laying-out, fitting and welding to produce this 
complicated valve. 

This all-welded job took less than half the time neces- 
sary for a casting, cut down between 85 and 100 Ib. in 
weight and will facilitate repairs in the future and 
diminish the hazard of a repeated break, which is very 
common in cast iron. 

The procedure of construction was such that the most 
inaccessible parts were fitted and welded first. It has 
three separate compartments, one each for the main and 
auxiliary intakes and one for the outlet. Each was 
tested separately by a 600-lb. hydrostatic test, as this 
valve works under steam pressure of 250-275 lb. 

The Mechanical Division is a repair yard for transit 
ships and also the maintenance unit for the Canal. We 
have performed all types of emergency repairs without 
advance notice and usually work against time, using the 
best in equipment and mechanics to perform the work. 
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Welded Press Speeds Production of Road Grader 


» By working out a careful design and fabricating a special 
press this company was able to save time and money in its 
production program of fabricating road-building machinery 


by Harry P. Krull 


UE to the heavy production schedul 

on the Austin-Western ‘“99-H” road 

grader, my company was faced with 
the problem of either buying another 
mechanical bulldozer, or building a special 
machine to form the bend on the front end 
of the grader frame which is a box section 
of two 12-in. channels with a top and bot- 
tom cover plate all welded together. 

This special press, which was designed 
and built in our own plant, will weigh 
approximately 8 tons and cost nearly 
$3000, but this cost is only a fraction of 
the savings in increased production for 
which this machine is responsible. 

To better understand how this are- 
welded press increased production, it is 
necessary to give some of the details as 
to how the frame is formed and fabricated 
To start with, the frame is fabricated from 
two lengths of 12-in. channel that are bent 
in three places; the third bend taking 
place after the two channels have been 
welded together with a top and bottom 
cover plate. In the first operation, the 
individual channels are heated to a red 
heat and formed against the channel web 
in a mechanical bulldozer to provide the 
height for the blade, blade attachment and 
hydraulic system of the grader. Then, 
in the same heat, they are carried to a 
hydraulic bulldozer where they are formed 
with the channel web to provide space be- 
tween for the engine and transmission 
system of the grader. Both the left and 
right hand bends are made with the same 
die in the hydraulic bulldozer. 

After the two channels cool, they are 
assembled in a welding fixture with a 
floor plate and top and bottom cover 
plates, and welded to form a box section 
at the front end of the frame. Here is 
where the new press takes over and this is 
how it has increased production: Before 
the new press was put into operation, it 
was necessary to remove the second opera- 
Harry P. Krull is Welding supervisor for Austin 
Western Co. Aurora, Illinois 


Data and photos courtesy The Hobart Brothers 
Company. 
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Fig. 1 A view of the hydraulic press from the operator’s side with the head 
of the press down 


Fig.2 The frame is now in position for forming. Note the special boxes located 

on the lower die to overcome a tendency of the frame to bulge before bending. 

The small toggle press is located above the straight part of the die and keeps the 
frame from kicking up during the bending 
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Fig. 3 The Austin-Western **99-H” road grader ready for delivery. 


The bend 


Sormed in the arc-welded press is located just to the right of the company signa- 
ture on the frame 


tion dies from the hydraulic bulldozer and 
insert the dies for forming the front end. 
With this setup, the die change was a 
production bottleneck. Another thing, 
since the hydraulic bulldozer worked 
horizontally, it was necessary to place the 
frame on its side in an unbalanced posi- 
which made it very cumbersome to 
handle. Also, the frame had to be heated 
to a red state over a large area of the box 


tion, 


section and required a long time to cool 
off. 

With the new press, the heavy dies do 
the frame is in a 
balanced position as the new press works 


not have to be changed; 


vertically; frames can be heated in a special 
furnace that localizes the heat to the area 
to be formed and the frame can be placed 
on a truck immediately after forming and 
pushed outside for cooling. 


Most of the material for the press came 
from the serap yard in back of the plant. 
The frame is made from a 15-in. I-beam 
and is covered with '/:-in. plate to dress 
it up. During the course of construction, 
I made notes which were useful when the 
bored on the horizontal 
It was decided to spend a 
and have all 


machine was 
boring bar. 

little more time and money 
holes bored accurately on the boring bar 
as the locking mechanism which holds the 
frame in the press was in reality a small 
hydraulic operated toggle press and the 
where the descending head 
heat-treated 
through 


main point 
pivoted was made of 5-in. 
and extended all the way 
the machine. 


steel 


It will be noticed that the front end of 
the press has a diagonal cutoff appearance 
This is due to a last minute realization on 
my part that I did not figure the exact 
amount of room needed for the hydraulic 
evlinder advantage of 
welded steel design 
and, if you forget anything, Just make the 
necessary alterations with a cutting torch 


This is another 
you can plan ahead 


and continue with the are welding. 


HE “What Is Your Welding 1.Q.” Quiz Box ar- 
entertained and irri- 
tated hundreds in Chicago at the 1947 Exhibition of 
the Metal Congress was again featured at this year’s 
Metal Congress Exhibit with a 1948 Edition. 


rangement which humored, 


Welding 1.0. 


the U. S. Na 


The 


“Quiz Boxes” were part of the Educational Exhibit 


WHAT IS YOUR WELDING LQ. 


(Welding Generators and Transformers) 


Question 


An a.-e. 


formers for parallel operation. 


Welding transformers, connected in paral- 
lel, are often used as the power source for 


induction heating. 


The open circuit voltage of a constant po- 


tential set cannot be varied. 


Welders’ gloves worn thin and smooth are 
than 


better electrical insulators 
gloves. 


Two variable potential sets, 


prazing by resistance heating. 


Open circuit voltage of 80 to 100 a. e. 
d. ¢c. is sufficient to kill a normal person 


when he constitutes the ground. 


Under identical open circuit voltage a. ¢. 


is more dangerous to life than d. ec. 


For vertical welding it is best to set a vari- 
able potential set for the lowest applicable 


Variable potential sets usually have to be 
reset after the first 10 minutes of opera- 
tion. 
The voltmeter is the proper instrument to 
check the polarity of a welding generator. 


voltmeter is the only instrument 
required to connect two welding trans- 


connected in 
‘ome 1, are a suitable power source for 


new 


Set I 


| Answer 


sponsored by the N 
val Engineering Experiment Station. 
The forty questions of the 1948 edition of the “What 
Is Your Welding 1.Q.” are reproduced herewith, to- 
gether with the correct answers. 


Question 


vavy Department and furnished by 


Set II 


WHAT IS YOUR WELDING LQ. 
(Are Welding Fundamentals) 


Answer 


Yes No 


Yes No 


In vertical welding, 
first pass is the proper procedure to obtain 
sound root condition. 


depositing a heavy 


For vertical welding in ship construction 


the joint. 


the use of 
mandatory regardless of the thickness of 


In vertical welding, ‘ 


diameter electrodes is 


‘whipping” should be 


used only when unavoidable. 


Crater blisters are usually 
that the current rate is too high. 


an indication 


The normal current rate for E-6015 


in@diameter electrodes is 220 amp. 


The use of higher-than-usual current rates 


compensates for the presence of rust or 
yaint on the faces of the joint. 


he normal current rate for E-6010 4/\¢- 


tion. 


or 


in. diameter electrodes is 180 amp. 

The use of less than normal current rate 
permits welding '/,-in. stock with E-6010 
diameter electrodes in any posi- 


For any type electrode the are voltage is 


the same regardless whether the power 


source is a constant potential or variable 


otential generator. 
he are voltage for */).-in. diameter 
10 and E-6015 electrodes is the same. 
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WHAT IS YOUR WELDING L.Q. 
(Low Alloy Steels) 


Answer 
Question Yes | No 


1. In welding medium carbon low-alloy 
steels to assure freedom from cracking of 
the root pass, the use of mild steel elec- 
trodes is generally permitted. X 
2. In low-alloy steels the chemical composi- 
tion of the weld metal must match that of 
the base metal. X 
3. In welding low-alloy steels, sounder weld 
metal is produced when a.-c. welding 
power is employed X 
4. A.-C. welding power is preferred for fabri- 
eating complex, low-alloy steel machine 
elements X 
5. The carbon content of a low-alloy steel is 
not the only criterion of the preheat tem- 


perature required 
6. Underbead cracking of low-alloy steels can 
be overcome only by preheating. Xx 


The use of electrodes with lime base cover- 
ing prevents hardening of the fusion zone 
in low-alloy steels. X 
8. The same preheating temperature is ap- 
plicable to a low-alloy steel regardless 
whether it is cast or rolled. X 
9. The preheat temperature for Cr-Mo steels 
is generally lower than for nickel steels of 
comparable alloy content. X 
10. The postheat treatment for manganese 
vanadium steels is generally lower than 
for nickel steels of comparable alloy con- 


tent. X 


WHAT IS YOUR WELDING L.Q. 
(Welding Copper Base Alloys) 


Answer | 
Question Yes | No 
1. Are-welded naval brass weldments are not | 
subject to stress corrosion, unless stress | 
relieved. X 
2. Electrolytic copper cannot be successfully | 
gas welded, but it may be brazed satis- 
factorily. X | 
3. Copper-nickel (70: 30) alloy is usually pre- 
heated before welding. X 
4. Manganese bronze, which contains 60% 


copper, must be preheated regardless 
whether the gas- or electric-are method of 
welding is employed 
5. “G” bronze, which contains more than 
80% copper, is normally preheated to a 
lower temperature than manganese 
bronze. X 
6. By reason of the high preheat temperature 
employed, distortion is negligible in weld- 
ments of copper-base alloys xX 
The percentage of the copper content and 
the applicable preheat temperatures are 
directly proportional. X 
| 


8. The welding procedure used for “G” 
bronze is also applicable with ““M” bronze. X 
9. In gas welding deoxidized copper sheets 
the first increment must be started well 
inside the edge. X | 
10. “M” bronze containing over 1°% lead 
cannot be successfully welded by the oxy- 
acetylene process. | X 


Designing for Welding—Part | 


by Wallace A. Stanley 


ESISTANCE welding today offers the manufac- 

turer numerous better, faster, simpler and lowér 

, cost ways of fabricating thousands of products. 

To utilize resistance welding processes to the ut- 

most, however, parts should be designed keeping in 

mind the specific process and general type of equipment 
to be used. 

Thus, resistance welding starts in the engineering 
department. It is the purpose of these articles to 
familiarize the designer with some of the basic design 
principles called for by the various methods of resistance 
welding. These illustrations and examples, it is hoped, 
will make easier the engineer’s job in creating a design 
that takes full advantage of the possibilities as to 
appearance, life, low cost, strength, ete., obtainable by 
resistance welding. 

In this connection it would probably be of help at the 
outset to review briefly the basic types of resistance 
welds and their essential purposes. 
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SPOT WELDING 


The spot weld is the simplest of all fastening devices. 
‘clamping”’ the parts 
Current 
passed through these electrodes and the metal is auto- 


The simplest spot weld is made by 
to be joined between rod-like electrodes. 


matically localized where the parts touch between 
the electrodes. The concentrated heat melts the metal 
at this point and the electrodes force the pieces to- 
gether forming a solid joint. After the current is shut 
off, the electrodes hold the pieces in place briefly while 
the weld cools below the plastic state. 


SPOT WELDING 


ELECTRODES FORCE 


WELDER 
TRANSFORMER 


Set III Set IV 
| | 
4 Wallace A. Stanley is Application Engineer at the Progressive Welder Co. b 
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Spot welds may be made in many ways and combina- 
tions. They may be made singly or in pairs or in 
multiples. Where more than one spot weld is desired 
to join two pieces, the welds may be made either suc- 
cessively with one pair of electrodes or may be made 
without moving the work on multiple spot-welding ma- 
chines. The number of spots depend on the nature, 
size and shape of the product. The method and equip- 
ment used to produce them depends on production re- 
quirements. Detail design of the part may depend on 
the type of equipment to be used. It is therefore ad- 
visable to take process engineering into account at the 
very outset of product design. 


PROJECTION WELDING 


PROJECTION WELDING 


Projection welds are made in much the same way as 
spot welds. The parts, however, are held between 
electrodes (dies) of much larger area. Localizing of the 
current is obtained by stamping or coining projections 
in one or both of the parts to be joined. The current 
passing through these projections melts the metal at 
the joint. Pressure between the electrodes continues 


until the projection has been sufficiently deformed to 
bring the workpieces flat against each other. 
Depending on the nature of the assembly, projections 
may assume all kinds of shapes. A single projection 
will produce a spot weld. Multiple projections will 
produce simultaneous spot welds of equal strength. 
Projections also may be elongated or circular in shape, 
producing an elongated or annular weld, etc. 


SEAM WELDING 


WELDER 
TRANSFORMER 


SEAM WELDING 


Fundamentally, seam welding is merely a line of over- 
lapping spot welds produced by clamping the work be- 
tween rotating wheel electrodes. Or, a single wheel 
may be used, with the part supported by a moving fix- 
ture forming the other electrode. Seam welding is 
generally performed on stationary equipment. In some 
instances, however, portable seam welding guns are 
employed. Seam welds may be either longitudinal or 
circular. They may be produced to be either water 
tight or gas tight. ‘They may be produced singly or in 
pairs (on dual seam welders). Some seam welded 
products, for example, are cans, gas tanks, tubes, etc. 

(Continued in next issue) 


Discussion by H. E. Dixon 
(Continued from page 54) 


three-phase dry disk rectifier has several important 
characteristics, e.g.: 


(a) Self Regulation. This is invaluable for auto- 
matic current correction for variations in 
material thickness, resistance and current 
shunting. 

(b) Wave Shape. A slow rise to-a constant d.-c. with 
negligible ripple, the duration of which is con- 
trolled by direct timing. 

Almost complete independence from effects of 
secondary loop inductance, and material 
throat of machine, which are of such great 
importance in a.-c. machines. 


The relatively slow rise of current to peak and control 
of duration by timer will be particularly useful for weld- 
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ing carbon steels and stainless steels and would have 
obvious advantages over multipulse processes for thick 
sheet. It does not appear to be a particularly advan- 
tageous feature in welding aluminum alloys except per- 
haps in thick sheets or sections requiring large energy 
inputs. 

The disadvantages are given brief mention, namely, 
line voltage fluctuations have a direct effect on the 
energy available, and three-phase rectification is not 
obtained for very short welding times (less than 1'/¢ 
cycles of 60 eps. current). 

The statement in the last paragraph of the paper, 
that if adequate power supply is available the single 
phase a.-c. machine is still the machine to use, is rather 
surprising in view of the claims made for the tri-phase 
welder. If this is indeed a fair comment, then it seems 
logical, in the absence of any direct personal experience 
of the equipment, that there must be some other evi- 
dence in the possession of the authors, but not revealed, 
which justifies the statement. 
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aetivities 


related events 


Congratulations to 
Vice-President R. L. Townsend 


The Editor has received two very inter- 
esting documents. The first consists of a 
three-page newsletter which R. L. Town- 
send, Vice-President, District No. 6 of the 
AMERICAN WELDING Socrery, distributed 
to his District. Mr. Townsend is Partner 
of the Tweco Products Co. of Wichita, 
Kans. 
high lighting the special events at the an- 
nual Meeting of the Socrery in Philadelphia 
and the Metal Congress and Exposition. 
The second and third pages are devoted to 
brief news items on individuals in the 
District and news of some of the happenings 
in the Sections of the District. This 
letter is accompanied by a roster of Section 
Officers in this District. 

The second document is a regular ‘““Twe- 
coletter”’ in which the advantages of mem- 
bership in the AmeRICAN WELDING 
Soctrety and the newly formed National 
Welding Supply Association are featured 
Congratulations, Ray Townsend. 


This newsletter devotes a page to 


Naval Architects Elect Officers 


At the recent annual meeting of the 
Society of Naval Architects and Marine 
Engineers, J. B. Woodward, Jr., was elec- 
ted President of the Society for a two-vear 
term beginning Jan. 1, 1949 

At this same meeting O. B. Whitaker 
was elected Treasurer, W. N. Landers 
was re-elected Secretary and Arlo Wilson 
was re-elected Assistant Secretary, for 
terms of one year starting Jan. 1, 1949. 


Board of Directors Meeting 


A Board of Directors meeting was held 
in The Bellevue-Stratford, Philadelphia, 
Pa., on Monday, Oct. 25, 1948, with the 
following in attendance: 

Members: C. H. Jennings,* R. D. 
Thomas,* A. C. Weigel,* G. N. Sieger, 
©. B. J. Fraser, H. W. Pierce, G. M. 
Trefts ILI, G. E. Claussen,t J. R. Wirt, 
R. L. Townsend,+ G. 8. Schaller, R. 8. 
Donald, C. A. Adams, D. H. Corey, 
L. S. MePhee, W. F. Hess, D. Arnott, 
T. M. Jackson, C. I. MacGuffie, J. B. 
Tinnon, J. J. Chylet J. H. Humberstone, t 
T. B. Jefferson,¢ H. N. Simms and H. 0. 
Hill. 

Staff Members: J. G. Magrath, M. M 
Kelly, W. Spraragen, S. A. Greenberg and 
F. J. Mooney. 


* Retiring October 1948 
t Newly elected. 
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Call to Order 


The meeting was called to order by 
President Hill at 3:45 P.M 


Roll Call 


Members and staff executives were re- 
quested to rise and give their names. 

A special welcome was extended to 
Prof. Schaller, Mr. Simms and Mr. Town- 
send, who came the greatest distance to 
attend this meeting. 

The President explained that the prac- 
tice instituted this year, of holding the 
Business Meeting of the Soctety and the 
Board of Directors’ meeting at the beginn- 
ing of Convention week, rather than at the 
close, as heretofore, is to afford all members 
in attendance at the Convention oppor- 
tunity to attend these meetings and ex- 
press their viewpoints on matters listed 
on the agenda. In the past, it has been 
necessary for many members to leave be- 
fore the closing day of the Convention. 
The large attendance at the Board meet- 
ing indicates the desirability of holding 
these meetings the early part of Conven- 
tion week. In future, greater advance 
publicity will be Business 
Meeting 


given the 


Unfinished Business 1947-48 Administra- 


tion 


Supporting Companies’ A pplication Form 
and Certificate. The Executive Secretary 
displayed an application form for Support- 
ing Companies, prepared recently at the 
instigation of the Sections, and with the 
approval of the Board of Directors. 

He asked consideration of proposal to 
provide Supporting Companies with a 
certificate, similar in character to that 
provided a Sustaining Member, but read- 
ing as follows: 

“This certifies that 
by reason of enrollment of the required 
number of its personnel in the Society's 
membership, is a Supporting Company of 
the AmeRICAN WELDING Society, an 
organization for advancing the science and 
art of welding and allied processes.” 

It was believed, generally, that such 
certificate, if hung in the offices of Support- 
ing Companies, will tend to publicize the 
Soctety in places where it is not now 
known. The Executive Secretary was 
authorized to proceed with preparation 


Company 


and issuance of these certificates. 

Having concluded the unfinished busi- 
ness, meeting of the 1947-48 administra- 
tion was adjourned, and the 1948-49 
Board convened immediately with Presi- 
dent Sieger in the chair. The retiring 
members of the Board were invited to 
remain. 


Society Activities and Related Events 


Appointments 


Officers. Upon motion, duly seconded, 
the following officers were reappointed for 
the administrative year beginning October 
1948: Executive Secretary, J. G. Ma- 
grath; Secretary and Asst. Treas., M. M. 
Kelly. 

Standing Committees. President Sieger 
reported he was unprepared, at this time, 
to offer recommendations for the complete 
personnel of the Standing Committees, as 
he wished to give the matter further study. 
In some instances, it is his wish to confer 
further with the Chairman of the Commit- 
tees regarding membership of the Com- 
mittees and, in other instances, it has not 
been possible for him to obtain consent 
of prospective Chairmen in time for pre- 
sentation of their names at this meeting. 
He advanced the thought there is need 
for change in mode of appointment. He 
considers it an imposition to call upon 
willing workers continuously to assume 
the burden of committee activity, and he 
believes provision should be made for re- 
placements. In the case of some of our 
Standing Committees, as for example, the 
Awards and Permanent Funds Com- 
mittees, the By-Laws now provide for 
periodic and automatic retirement of 
Chairmen and members of the Commit- 
tees. If similar pattern is followed in the 
retirement of members of the other Stand- 
ing Committees, the newly elected Presi- 
dent will be saved the embarrassment of 
designating those personnel who are to be 
retired. 

In offering the names of the following 
Chairmen of Standing Committees, he 
explained that selection has been made 
after consultation with the First and 
Second Vic e-Presidents-elect, and re- 
placements have been made only after 
conferences with and the consent of the re- 
tiring Chairmen or their representatives: 

Admissions, O. T. Barnett; Consti- 
tution and By-Laws, H. M. Priest; Con- 
vention, E. V. David; Educational, R. 
A. Wyant; Finance, R. S. Donald; 
Manufacturers, * | Membership, 
O. B. J. Fraser; Program, G. O. Hoglund; 
Public Relations, H. F. Reinhard; Publi- 
eation, A. G. Oehler; Publicity, T. C. 
Fetherston and Section Advisory, G. M. 
Trefts, IIT. 

Automatic Appointments: Awards, F. 
L. Plummer; Permanent Funds, R. D. 
Thomas and RWMA Jury of Awards, 
J. H. Cooper 

To expedite appointment of Standing 

* Subsequent to the meeting and prior to re- 
1 based on mutual 


ver and Tinnon 
Mills, Chair- 


lease of these minutes, a decisi 


agreement between Messrs. Si 
has been reached to appoint E 
man, to which Mr. Mills has agreed. 
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NOW AVAILABLE... 
INCO’S SPECIAL WIRES FOR SHIELDED 
ARC WELDING OF MONEL, NICKEL and INCONEL 


OF SERVICE 


ALLOYS 


The International Nickel Company announces a series of 
bare filler wires developed especially for inert gas metal 
arc welding of Nickel and Nickel alloys. 


The new wires will be designated as follows: 
“60” MONEL* 
“61” NICKEL 
“62” INCONEL* 
“64” “K” MONEL* 


All wires in the new “60” series will be produced in stand- 
ard diameters of 1/16 and 3/32 inches. The standard 
length will be 36 inches. 


For further information, send for the latest catalog of 
INCO welding materials. #Reg. U. S. Pat. Off. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


MONEL* MONEL + MONEL “R’* MONEL + “KR’’* 
MONEL + INCONEL* + NICKEL “L’* NICKEL + NICKEL 
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Committees so that their work can begin 
with the least possible delay, Mr. Sieger 
stated it is his plan to request the selected 
Chairmen to offer recommendations for 
changes in present committee personnel, 
and as soon as these recommendations are 
in hand, complete lists of Standing Com- 
mittee personnel will be submitted to the 
Board of Directors for approval by letter 
baHot. In the selection of personne, the 
Committee Chairmen will be urged to 
bear in mind geographical location of 
members as regard need for frequent 
meetings of the Committee 
He plans further to request the Chair- 
men of Standing Committees to study the 
By-Laws relating to scope of activities of 
their Committees, with a view to sub- 
mitting revisions which will permit them 
to engage in activities which will best 
further the interest and welfare of the 
Society. In some instances, it is believed 
the present scope is unduly restrictive, 
while in others, it overlaps the activities 
of other Committees. When replies are 
in, suggested revisions will be submitted 
to the Constitution and By-Laws Com- 
mittee, with request that that Committee 
prepare suitable By-Law amendments re- 
lating to Committee appointments for 
consideration of the Board of Directors. 
The By-Laws Committee will be asked, 
also, to review present By-Laws relating 
to appointment of the Nominating Com- 
: mittee, and to study the By-Laws of 
precision 1] other technical societies relating to this 
. appointment, with a view toward offering 
regulation amendments which will provide for auto- 
matic designation of individuals by nature 
of their elected office in the Socrery, in 


TWO-STAGE the order of prescribed national geo- 
graphic representation, 
E G L AT Oo R A time limit is to be set for Committees 
pontiac qu to report back to the Board in order that 
the needed by-law changes may be made 
effective before the beginning of the next 
administrative vear. 


The precision performance of the two-stage AWWA-AWS Specifications for Elevated 
RegOlator is especially desirable for piped distri- | S!ee! Water Tanks, Standpipes and Reser- 
voirs 
bution systems and other applications where large 
ich lled On recommendation of Mr. Hill, re- 
volumes of high pressure gases must be controlle vision of this standard, prepared jointly 


for accurately. | by AWS-AWWA Conference Committee 
on Elevated Steel Water Tanks, Stand- 
OXYGEN 'wo-Stage egOlator Gives Plus Performance pipes and Reservoirs, was approved as a@ 
ACETYLENE Yeu joint standard of AWS-AWWA, subject 
Constant delivery pressure regardless of drop in to final confirmation by TAC of the 

HYDROGEN 


: American Wetpinc Society, at its 
pressure at the inlet... Patented design incorpor- | meeting on Oct. 27, 1948. 
ates nozzle-type first stage counterbalanced by 
stem-type second stage... Triple action cartridge | 1949 Western Metal Congress and Exposi- 


filter eliminates troubles usually caused by rust, fon ’ 
dust or dirt. In behalf of the Los Angeles Section, 
Prof. Schaller extended a cordial invitation 
Write for complete information. to Board members to attend the 1949 
Western Metal Congress and Exposition, 
to be held April 11 through 15, 1949, in 
the Shrine Pacific Auditorium, Los 
Angeles. The Los Angeles Section of the 
Socipty will participate in this Congress. 
As Has been done in the past, our Society 
= will arrange independently a program of 
; ee technical meetings, and in other events, 
BASTIAN-BLESSING” the Society will have representation on 
the Congress committees. The Section 
looks to National Officers and Head- 
: ( quarters for assistance in planning its 
program of activity. It was agreed that 


P oneer and leader In the Desiqn and Manutacture of Precision Equipment for Using ond Controlling High Pressure Goses 
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G/ POWER FACTOR 


@ BALANCED THREE PHASE 


WITH 


ri-Phase 


TAYLOR-WINFIELD 


WELDERS 


(RESISTANCE) 


Six Highly Desirable Features 
... (1) greatly reduced power 
demand; (2) three phase bal- 
anced power load; (3) desira- 
ble high power factor (95% ); 
(4) improved weldability; (5) 
deeper throat depths with es- 
sentially no increase in power 


demand; (6) with Tri-Phase, 


you can weld low carbon steel, 


stainless steel, aluminum al- 
loys, magnesium, Monel, In- 
conel, brass alloys, and other 


materials on same _ welder. 


Tri-Phase can be had in spot, 
projection, seam, or upset-butt 
welders. Ask for Tri-Phase Bulle- 
tin 10-813 just off the press. 


THE TAYLOR-WINFIELD CORPORATION 
WARREN, OHIO, U.S.A. 


WINFIELD 


RESISTANCE WELDERS 


Society Activities and Related Events 


when called upon, National Headquarters, 
Officers of the Socrery and National Com- 
mittees concerned with meeting arrange- 
ments, will be pleased to render all possible 
assistance. 


Membership Promotion—Institution of Pro- 
gram Permanent Speaker and Lecture 
Bureau 


At request of the Executive Secretary, 
consideration of this matter was deferred 
until the next meeting. 


Designation of Officers to Sign Checks and 
Other Documents in Behalf of the Society 


As prescribed by the By-Laws, on 
motion, duly seconded, it was voted to 
authorize the Treasurer and the President, 
and in the absence of either, the Assistant 
Treasurer, to sign checks, notes, receipts, 
acceptances, endorsements, releases, any 
and all contracts and other documents, in 
behalf of the Socrery. 


General Discussion on Improvement in 
Method of Operating Meetings of Board 
of Directors 


All favored holding Directors’ meeting 
the early part of Convention week, rather 
than the last day of the week, as hereto- 
fore. It was the consensus that this 
particular meeting concern itself with 
items of major importance to the Socrery, 
in particular, appointments, adoption of 
the annual budget, establishment of 
policies for the effective operation of the 
Society and to act on other matters as 
prescribed by the By-Laws. 

In order that the budget can be pre- 
pared with some accuracy in advance of 
this Board meeting, it was suggested that 
consideration be given to advancing the 
dates of terminat on of the fiscal and mem- 
bership years. it was the belief that 
preparation. of the annual budget for the 
ensuing fiscal year is within the province 
of the retiring Finance Committee, and 
need not await the completion of the 
fiscal year. The budget can be based on 
experience of the past 11 months and ex- 
pectency for the coming vear. 

Emphasis was laid on importance of in- 
cluding on the agenda of Board meetings 
only items of major importance, leaving 
the routine or less important matters to be 
acted on by the President, in consultation 
with other National Officers and the 
executive staff. Where necessary, sum- 
marized statements relating to such mat- 
ters, with definite recommendations there- 
on, can be presented to the Board for 
consideration. In cases of emergency, it 
was believed that the Executive Commit- 
tee can act in behalf of the Board, with 
the understanding that acts of the Execu- 
tive Committee will be reported promptly 
to the Board for confirmation, and with 
the further understanding that Board 
members shall be afforded opportunity 
to attend meetings of the Executive 
Committee, if it is convenient for them te 
do so. 

It was voted that at least four meetings 
of the Board should be held during the 
fiseal year —three in addition to the one 
held during Convention week; that two 
of these, in addition to the one in Con- 
vention city, be held away from Head- 
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By Gorham W. Woods, 
Development Engineer 
The Lincoln Electric Company 
Cleveland, Ohio 


HE chart (Fig. 1) simplifies the 
of the correct hardsurfaec- 
ing electrode for any practical require- 
ment of resistance to abrasion and to 
impact. Once knowing the importance 
of abrasion and the necessary resistance 
to cracking, chipping or spalling under 
impact, the correct electrode can be 
easily chosen by its relative position on 
the chart. After a period of service, if it 
is recognized that greater resistance to 
wear or abrasion is necessary or that 
spalling or chipping ,is taking place, the 
adjacent electrode shown on the chart 
can be used. 

From the new complete line of 14 
Lincoln hardsurfacing electrodes, it is 
usually possible to select an electrode 
with exacting characteristics for any 
hardsurfacing need. As evident from 
the chart, this new complete line of 
electrodes has been so developed that 
the metallurgical characteristics over- 
lap, thus making available a fine grada- 
tion of characteristics from which the 


proper electrode can be chosen, 


Several new electrodes have recently 


Fig. 2. A smooth, thin, self-sharpening 
edge of tungsten carbide particles is 
produced on this post hole auger by 
applying new “Tungweld F” electrode. 
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How to Select 
the Proper Hardsurfacing 


Electrode 


TUNGWELD 
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BRITTLE TOUGH 


INCREASING RESISTANCE TO 
CRACKING, CHIPPING OR SPALLING UNDER IMPACT. 


Fig. 1. Chart for selecting proper hardsurfacing electrodes to resist any combination 
of impact and abrasion that may be found on different jobs. 


been added to this hardsurfacing line. 
*Tungweld.” a coated tubular electrode 
for AC and DC, deposits particles of 
tungsten carbide in a soft iron matrix, 
ideal for producing self-sharpening edges 
on earth-cutting tools. “Faceweld,”” also 
a coated tubular electrode for AC or 


Fig. 3. Manganese steel parts subject to 
severe abrasion like this rock crusher 
bell are reclaimed with “Faceweld 1.” 
Single layer deposits are 40 to 52 Rock- 
well C; multiple layer deposits are 52 
to 60 Rockwell C. 


The above is published by LINCOLN ELECTRIC COMPANY i tic interes of progress 


For further information, ask for Weldirectory for Hardsurfacing, Bul. 466. Write The Lincoln Electric Company, Dept. 91, Cleveland 1, Obio. 


Advertising 


DC, has been developed for hardsurfae- 
ing straight carbon, medium carbon or 
manganese steel to resist severe abra- 
sion. “Toolweld A&O” deposits high 
speed tool steel for reclaiming tools and 
dies. ““Toolweld A&O” can be air hard- 


ened or oil quenched. 


Fig. 4. By laying down a high speed tool 
steel deposit, “Toolweld A&O” renews 
this stamping die at an unusually low 
cost for an additional 40,000 parts. 
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quarters city, but because of improb- 
ability of obtaining a quorum, the two 
out-of-town meetings be held no further 
west or southwest than Chicago or St. 
Louis. It was believed advisable to hold 
one of the out-of-town meetings in the 
city where the ensuing Convention is to 
take place. It was suggested that in- 
vitation to Board meetings be extended 
to Section Officers in city where Board is 
meeting. It was recommended that 
Board meeting notices be sent out two 
weeks or more in advance of the meeting. 

The discussion resolved into the follow- 
ing motions: 

1. That the next meeting of the Board 
of Directors be held in New York on Dec. 
2, 1948, for the primary purpose of con- 
sidering and acting on the 1948—49 annual 
budget, and in acting on other matters 
requiring early attention; 

2. That at least four meetings of the 
Board of Directors be held during a fiscal 
vear, including that held during the 
Annual Convention—time and place of 
these meetings to be determined by the 
President, bearing in mind it is the wish of 
: the Board that two, in addition to the one 
é held in Convention city, be scheduled 
away from Headquarters’ city; 

3. That steps be taken to ascertain 
legality of retiring Finance Committee 
recommending a budget for the ensuing 
fiseal year to the new administration, and 
further, that investigation be made to de- 
termine feasibility of having the fiscal and 
membership vears terminate at the same 


4. That invnation to Board meetings 
be extended to Section Officers in cities 
where Board meetings are held; 

5. That the business of the Board 
meetings be arranged to conserve time 
of Board members, in so far as possible; 

6. That the Executive Committee of 
the Society act in behalf.of the Board of 
Directors only in cases of emergency, with 
the understanding that acts of the Com- 
mittee will be reported promptly to the 
Board, and the Board will be given oppor- 
tunity to revoke such actions, if deemed 
necessary, and with the further under- 
standing that Board members shall be 
afforded opportunity to attend Executive 
Committee meetings, when they can con- 
veniently do so. 


A.S.T.E. Meeting’ 


The Seventeenth Annual Meeting of the 
American Society of Tool Engineers will 
be held Mar. 10th, 11th and 12th, in Pitts- 
burgh, according to an announcement by 
Irwin F. Holland, President of the Society. 

Tool engineers from throughout this 
country and Canada will gather in the 
Hotel William Penn for a series of techni- 
cal sessions on new developments and 
problems in the tool engineering and re- 
lated fields. 

Scheduled for Thursday and Friday 
evenings and Saturday morning, the tech- 
nical sessions will open with a discussion 
on “Forging Dies Design,”’ ‘Industrial 
Applications of Glass” and ‘Color Dynam- 
ies.’ The March llth evening session 


time; 


WELDING CONNECTORS 


parte to be welded 


frame 


G. D. Peters Company 
Montreal 2, Canada 


Saxe Sy Welded C ion Units 
for welded assembly 
: Saxe Unsta place in position and securely hold together structural 


As used in many welded structures they e/sminate all hole punch 
tg, producing an economical. rigid. safe and quickly erected structural 


Write for descriptive literature 


J. H. Williams & Company 
Buffalo 7, New York 


Canadian Represeatatives 


PROBLEM? 


ow 
EUTECTIC 


WELORODS 


“Eutectic Low Temperature Weldrods can solve 
it for you the modern way by joining metals at 
low heat — avoiding distortion, stress, worp- 
ing, overheating 


Write to sole manufacturer — 


HAVING A METAL JOINING © 


Over 100 attoys 


broblems 


fo Solve 


EUTECTIC WELDING ALLOYS CORP. DEPT.—C 
40 Worth Street New York 13, N. Y. 
Chicago, Cincinnati, Cleveland, Dollos, Detroit, 
Los Angeles, Son Francisco, etc 


s Welding 


Alloy 


America 


160 Field Engineers Se B B 8 
Everywhere 


to Help You 


Specialists 


Society Activities and Related Events 


BBB KEEN-ARC CARBONS... 


the accepted “Standard” for 
Twin-Are Torches 


Specified as “standard” by many of the leading manufacturers of 
Twin-Are Torches (and approved by all original equipment makers) BBB 
Keen-Arc Electrodes have kept pace with twin-arc progress since the first 
introduction of the new technique. 


for 


BECKER BROTHERS CARBON CO. 
| 3450 SOUTH 52nd. AVE. 


will consist of discussions on “Machining 
and Forming of Corrosion-Resistant 
Steel.” Saturday morning tool engineers 
will hear speakers on Metallic Spraying of 
Hard Metals” and “Problems in Machin- 
ing Aluminum.” 

Tours of plants in the Pittsburgh area, 
always a major feature of A.S.T.E. Na- 
tional Meetings, will offer tool engineers a 
unique opportunity to view operations in a 
wide variety of industries. 


‘Bmployment 
Service Bulletin 


Service Available 


A-565. Position wanted. Graduate 
Engineer with twenty-two years experi- 
ence in industry, twelve vears of which 
have been as Welding Supervisor and 
Engineer in charge of oxyacetylene weld- 
ing and cutting, electric are welding, re- 
sistance welding, flame hardening, case 
hardening, heat treating and metallizing. 
Can handle design and supervise produc- 
tion. Desire position with concern doing 
volume of production or maintenance 
welding, heat treating, ete. 


They produce a fine-grained 


weld of high tensile strength— 
a steady flowing flame which 
does not wander and which is 
the desired 
copper 


concentrated at 


focal point. Heavy 
coating permits gripping at the 


extreme ends—eliminates fre- 


quent re-setting. For excellent 


results —every time — specify 


BBB Keen-Arcs by name. 


Write us for samples and prices of 
Keen-Arcs and the newly improved 
BBB Standard Welding Electrodes. 


EVERYTHING IN CARBON) 


CICERO SO, ILL. 
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IMENSIONAL accuracy is one 
good reason why Tube-Turn weld- 
ing fittings rate aces high with pipe 
welders. Inside and outside diameters 
are made to match the pipe as closely 
as humanly possible. This goes a long 
way, right at the start, towards licking 
the Welder’s biggest problem. 
Tube-Turn welding fittings are man- 
ufactured by the firm with the nation’s 
biggest backlog of experience in weld- 
ing fittings. They fill the bill, all ways. 
If you want strength, you’ve got it 
through Tube Turns forging know-how. 
If you want minimum flow friction 
and pressure loss, you get it with the 
smooth inner walls and the smoothly 
functional design of Tube-Turn weld- 
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ing fittings. And if you want certain 
types and sizes in a special metal or 
alloy, your chances of getting it are 
good when you deal with the Tube 
Turns distributor. He handles the big- 
gest line of welding fittings. 


TUBE TURNS, 4NC. 
222 E. Broadway, Dept. D, Louisville 1, Ky. 


District Offices at New York, Philadelphia, Pittsburgh, 
Chicago, Houston, Tulsa, San Francisco, Los Angeles 


\\ 


¥ Write for folder, ‘‘Dimen- 
Li sional Data and Weights 
of Tube-Turn Welding Fit- 
\\ tings."" Opens to series of 
quick-reference tables, 


 \\\ 
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VEWS OF THE INDUSTRY. 


Engineers of Energy 


Under the above title the M. W. Kel- 
logg Co. received an interesting write up 
in the November 1948 issue of Fortune. 
We quote two subtitles from this article. 

“This almost unknown company de- 
velops, designs and builds over half the 
world’s oil-cracking capacity, in everv 
geographic area for all the oil majors.” 

“M. W. Kellogg, a mighty engineer of 
oil refineries, moves toward volume chemi- 
cals and atomic power for industry.’ 


They Were Carrying the Wrong 
Torch 


Safe burglars went to work with an 
acetylene torch in the office of a Balti- 
more theater. The torch blazed and 
blazed but the safe wouldn't come open 
They gave up in disgust and left their 
equipment behind, police reported. In- 
stead of a cutting torch they had used a 
welding torch—and left the safe door 
closed tighter than they had found it. 


Welded Bridges of the Future 


Foreseeing a tremendously expanded 
application of welded design to bridge 
construction, the Trustees of The James F 
Lineoln Are Welding Foundation are spon- 
soring a new Award Program to advance 
the progress of welded bridge design. 

The “Welded Bridges of the Future” 
Award Program offers awards to bridge 
or structural engineers for the best designs 


of a specified, welded highway bridge 
The first award is $3000; the second 
ward $1500; third award $750. In 


addition to the awards for the three best 
designs there will also be ten honorable- 
mention awards of $3100 each for the next 
best designs. 

The competition opens Jan. 1, 1949, 
and closes June 30, 1949. Any engineer 
or designer who feels himself qualified to 
enter the Program is eligible for participa- 
tion. 

The bridge to be designed is a two-lane 
deck highway bridge supported on two 
end piers 120 ft. apart. The bridge is to 
be designed for A.S.T.M.-A7-46 steel and 
for H20-44 loading. While the size, steel 
and loading for the bridge are specified, 
other than these specifications —the de- 
signer is completely free to exercise his 
ingenuity. If he wishes, the designer 
may and use structural 
shapes not now available, providing only 
that the new shape or shapes can be 
readily produced if and when a demand 
for them develops. Moreover, he may 
assume availability of fabricating facilities 
other than those now in existence. 

The Foundation, according to Dr. k. k 
Dreese, Chairman of the Board of Trus- 


conceive new 
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tees, wishes to give designers an opportun- 
ity, free from the present limitations and 
restrictions on design practice, to apply 
their knowledge and experience to the 
problem of designing a bridge expressly 
for are-welded fabrication. It is felt that 
considerable progress in design will result 
when designers are not restricted to using 
the present structural shapes and fabricat- 
ing methods which were conceived before 
welding was generally available. 

The Rules and Conditions for the 
“Welded Bridges of the Future’ Program 
have been reviewed and approved by a 
Ruies Committee. This same Committee 
will also sit as the Jury of Award in rating 
the entries. The Rules Committee and 
Jury of Award is under the direction and 
Chairmanship of Wilbur M. Wilson, 
Research Professor of Structural Engi- 
neering, University of Illinois 

Complete details of the Rules and Con- 
ditions of the Program are available in a 
printed brochure which can be secured 
upon application from The James F. 
Lineoln Are Welding Foundation, Cleve- 
land 1, Ohio. 


Worthington to Handle 
Ransome Line 


Worthington Pump and Machinery 
Corp. announced that the manufacturing 
and distributing activities of its subsidiary, 
Ransome Machinery Co., have been con- 
ducted by the parent corporation since 
Nov. 29, 1948. 

Manufacturing operations for the lines 
previously manufactured by Ransome are 
carried on at Worthington’s Dunellen 
Works, Dunellen, N. J., the same location 
formerly used by Ransome Machinery 
Co. Sales activities are directed from 
Worthington’s executive offices at Harri- 
son, N. J., through the Ransome Sales 
Division located at the Dunellen Works. 

Customers may be assured of attentive 
service with the benefit of the added 
facilities of the entire corporation for re- 
search and development, procurement, 
manufacture and marketing. 


Mallory Receives Citation 


\ citation for “outstanding achieve- 
ments in human relations in labor’? was 
awarded to P. R. Mallory & Co., Ine., at 
the sixth annual Executive Leadership 
Forum, sponsored by the Indianapolis 
Junior Chamber of Commerce on Novem- 
ber 16th. 

This award was one of five made to 
Indianapolis firms by the Executive 
Leadership Forum for achievements in 
various phases of human relations. 

P. R. Mallory & Co., Ine., manufactur- 
ers of electronic and metallurgical prod- 
ucts, have long been leaders in the labor 


News of the Industry 


relations field. The most recent develop- 
ment in the Company’s policv has been 
the adoption of a profit-sharing program 
This plan has been in operation since 
June 1947, and has been eminently suc- 
cessful as indicated by improved morale. 
more job security, increased productivity 
a greater degree of cooperation, an ap- 
proved level of earnings. 

The Mallory organization signed its 
first Union couiract with the United 
Electrical Workers C.1.O. in 1937. Re- 
lations between the Union and the Com- 
pany have been harmonious ever since 
From the day the contract was signed 
there has not been a single hour of time 
lost as a result of work stoppage. 

The Mallory management has 
sistently pursued a liberal and far-sighted 
labor relations policy. Phillip R. Mal- 
lory, Chairman of the Board, and J. E 
Cain, President, have both recognized the 
importance of the human side of business 


coh- 


‘and have stressed that phase of the Com- 


pany’s activity in their direction of its 
affairs for many years 


Snow- Melting Highway 


The dream of every motorist and every 
highway engineer—a snow-melting high- 
way—is about to be opened for use in the 
town of Klamath Falls, Ore. 

In the first application of radiant heat- 
ing principles to a public road, the high- 
way wil! be heated in bad weather by hot 
water from an underground spring cir- 
culated through a network of welded 
wrought iron pipe laid in the concrete 
Four lanes wide, 450 ft. long with an 8% 
grade, this dangerous road area is designed 
to remain clear and skid-free in al! weather 
by automatically melting up to | in. of 
snow or '/, in. of ice per hour 

The stretch of all-weather heated pave- 
ment is on the Dalles-California Highway 
leading into Klamath Falls from the 
north. It passes under the Southern 
Pacific Railway viaduct and a few hundred 
feet farther crosses an irrigation ditch 
thus necessitating a grade 2 or 3% steeper 
than would be normally used. 

Work was started on the road late last 
spring after a 10-in. we!l had been drilled 
which struck a good flow of hot water at 
390 ft. G. S. Paxson, bridge engineer 
for the Oregon State Highway Commission 
who developed the idea for the winter- 
proof highway, has announced that the 
stretch is completed and in operation 

The hot well-water itself is not run 
through the roadway piping. Instead, a 
coil of 2-in. pipe is submerged deep in the 
well-water, which tests at 190°, about 20 
below boiling temperature. In effect, the 
well serves as a boiler. A pump sends 
ordinary water and antifreeze through the 
well coil, where it is heated or reheated to 
not less than 160°. 
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PROPER 
MUST BE USED 


Tasre lV Welding Eleetrodes—Clad Side 


(1) (2) (3) (4) 
Complete Balance Alloy to Steel 
| (Welds not Exposed 


to Corrosion) 


Cover Exposed 
Steel with of 
Weld with 


Cladding 


Ist Pass or Laver 


105 25-20, 25-12, 18Cr! | 25 

110 25-20, 25-12, 18Cr! 
14-16Cr = | 25-20, 25-12, 28Cr! 

130 | 25 28Cr! 


18Cr! 
18Cr! 


25-20, 25-14 18Cr! 

301 25-20, 25-13 19.9 

302 25-20, 25-1! | 25-20, 25-12, 19-9 

304 25-20, 25-1: 20, 25-12, 19-9 

308 25-3 25-12, 19-9 

321 25-20Cb, 25-20Cb, 25-12Cb, 19-9Cb 


te 


NNNNNN WN 


25-20, 
25-20Cb, 
25-20Cb, 25-12Cb, 19-9Cb 25-20, 25-12 
25-20Cb, 

309 25-20 | 25-2 25-4 -1 
310 2 25-1 


5-20 95,5 | 
316 25-20Mo, 25-12 Mo 


t 


-12Cb 
347 25-20Cb, 25-12Cb 
12C 


25- 
9 
2 


25-20, 25-12 
25-20Mo, 25-12Mo 
Nickel 80Ni-20Cr, 
25-20Cb, 25-12Ch 
Nickel 80Ni-20Cr, 
25-20, 25-12 
| Nickel 
| 80Ni-20Cr, 


25-20, 25-12 


Nickel Nickel Nickel 


Nickel Nickel, 80Ni-20Cr?) Nickel, 80Ni-20Cr? 
Monel 


80Ni-20Cr 


Nickel 
80Ni-20Cr 


Monel 
Inconel 


1 Must be used under certain corrosive conditions. 


2 May be used under certain corrosive conditions. 


There’s a preferred type of electrode for welding 
the clad side of each Lukens Clad Steel. The 
corrosion -resistant surface must be continuous 


across the surface of the weld. The structural 


the use of electrodes having higher analyses than 
the cladding material. Laying on a number of thin 
layers of weld metal also reduces contamination. 

Lukens has made hundreds of experiments with 


strength of the weld must be high. welding electrodes. Our engineers have worked 


Welding rods recommended to assure these with those companies who are regular fabricators 
of Lukens Clad Steels. 


tions shown in this table are, 


Electrode recommenda- 
Pass. 
Wer 


properties are shown in this chart. Use any good 
grade of carbon steel electrode for welding the 
therefore, based on experience. 
Lukens Steel Company, 407 
Lukens Bldg., Coatesville, Pa. 


steel side. 
Contamination or dilution of the weld metal by 
pickup of the backing steel is guarded against by 


LUKENS 


SOLID METAL ADVANTAGES WITH CLAD STEEL ECONOMY 


+ + SPEED SCRAP TO THE MILLS TO MAKE MORE STEEL 
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These wrought iron pipe coils will keep a deep stretch of highway in Klamath 


Falls, Ore., clear of ice and snow this winter. 


Water heated in a natural spring 


circulates through the pipes 


A 2-in. pipe runs from the well to the 
pavement, and then parallel to the road for 
a distance of about 400 ft. In the pave- 
ment slab are embedded 15,000 ft. of 
*/-in. wrought iron pipe, made up into 
one grid for each of a series of 30-ft. road 
panels. Each of these 15 panels is con- 
nected with the 2-in. water main by valves. 

The pipe carried a coating of asphalt 
before being laid in the concrete. 
Wrought iron was used in the installation 
because of its resistance to corrosion and 
because its coefficient of expansion is 
virtually the same as that of concrete, thus 
keeping the bond and minimizing the 
danger of cracking the concrete. 

The 2-in. main and the series of grids 
compromise a closed circuit through 
which heated water is pumped, the valves 
insuring an even flow of water through 
each grid. Thus the whole 8-in. slab of 
road concrete is warmed to snow-melting 
temperature. 

The pump, thermostatically controlled, 
automatically begins to circulate the water 
when air temperature drops to freezing 
and continues to operate until the tem- 
perature rises above freezing. Another 
pump draws water from the well since it 
loses its heat value as the cool water flows 
from the road through the heat transfer 
coils. Hot water then bubbles up from 
. the earth back into the well. 

This type of heating, with a boiler used 
to heat the water, has been increasingly 
popular in residential, industrial and busi- 
ness construction. During the past few 
years it as been brought outdoors in many 
installations to winter-proof sidewalks, 
airports, private driveways and _ filling 
station areas. A private road was opened 
last winter at Belmont, Mass., near Bos- 
ton, and the American Cyanamid Co. 
plant at Bridgeville, Pa., has a 600-ft. 
long, two-lane driveway protected by em- 
bedded wrought iron pipe coils. 

The natural hot water at Klamath 
Falls in Southern Oregon is widely used 
by the residents. It has been tapped to 
heat 400 homes, a swimming pool, two 
hospitals, a high school, a new office 
building, several apartments houses, busi- 
ness buildings and a newly constructed 
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$3,000,000 veterans hospital. It is used 
for sterilizing dairy and soft-drink bottles. 
Ranchers outside of the town use it to 
heat their poultry sheds and green houses 
and to warm drinking water for their 
stock. 

The town enjoyed hot mineral springs, 
once used by the Indians, until they dried 
up after the San Francisco earthquake of 
1906. Geologists believe the water is 
heated either by hot underground lava or 
by chemical action. 


Welded D. T. & I. Shops 


Innovations designed to reduce the cost 
of Diesel locomotive maintenance and to 
speed repair work in the interest of better 
freight service on the Detroit, Toledo & 


Ironton Railroad were viewed by execu- 
tives representing the line’s largest ship- 
pers early this month, following comple- 
tion of the shops which were designed and 
built by The Austin Co. at Flatrock, 
Mich. 

All the repair and maintenance work has 
been placed on a straight-line basis, where 
elevated tracks and mezzanine platforms 
at engine floor level afford easy access to 
all parts of engines under repair. 

Two electrically operated lift bridges 
have been installed at one end of the build- 
ing to enable members of the maintenance 
crew to cross over the open track area 
from one mezzanine platform to another 
without using any stairs. 

Another unusual feature of the building 
is an exhaust system developed by Austin 
and D. T. & I. engineers for removal of 
fumes from the stacks of engines on test. 
A single motor-operated exhaust fan on 
the roof discharges engine fumes to the 
outside through a series of movable ducts, 
which can be swung into position and 
lowered over stacks at various points 
along the track. 

The shops, 102 ft. long and 75 ft. wide, 
have a welded structural steel frame, face 
brick curtain wall and two bands of con- 
tinuous ventilating sash separated by a 
band of asbestos cement siding. Clear- 
ance of 33 ft. under the crane has beea pro- 
vided above track level in the 50-ft 
craneway bay, where a 25-ton welded 
crane, furnished by Northern Engineering 
Works, and four 50-ton Whiting hydraulic 
jacks have been installed. Rails (152 Ib 
have been welded directly to posts set in 
a heavy reinforced concrete slab to form 
tracks which extend the length of the 
building in high and low bays at a level 
3 ft. above the floor. Pits directly be- 
neath the track are depressed another foot 
to enable men working on the trucks to 
perform their work comfortably 


This new diesel locomotive shop, designed and built by the Austin Co. for the 


running repair and overhaul of diesel locomotives on the D. 
two tracks which extend right through the building. 


T. & I. Railroad, has 
The high bay has a 50- 


foot span and accommodates a 25-ton traveling crane with 33-foot clearance 
above an elevated track 
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“Standards” 
mean Savings... 
with 


Tips and Holders 


for 
RESISTANCE WELDING 


Standards” save Time. Standard Mallory Tips 
and Holders are on their way to you in 24 hours. 
When you order Mallory “standards” you eliminate 


the delay that special tools and fixtures require. 


“Standards” save Money. Three out of every five resistance 


welding problems can be solved with a proper combination of 


standard Mallory tips and holders. Mallory “standards” comprise 


a complete line developed through 20 years of precision know-how. 


Before you lay out time and money on “specials” . . . 
investigate Mallory “standards”. It pays! 


In Canada, made and sold by Johnson, Matthey & 
Mallory, Lad., 110 Industry Toronto 15 Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


P_.R.MALLORY & CO. inc. Capacitors Rectifiers 

Contacts Switches 

A r L O a Controls Vibrators 
Power Supplies 


Resistance Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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PERSONNEL 


District Manager Appointments 


The Lincoln Electric Co. of Cleveland, 
Ohio, announces recent appointments and 
changes in its District Managers. 

C. W. Lytton has been made District 
Manager for the Buffalo, N. Y., area. His 
office is located at 1700 Niagara St., 
Buffalo, N. Y. Mr. Lytton has had a 
broad experience in the field with Lincoln 
Electric, starting with the company 
shortly after his graduation from Case 
Institute of Technology in 1931 with a de- 
gree in Electrical Engineering. After a 
short term of work in the factory, Lytton 
was sent to the Lincoln Pittsburgh office, 
first as a service man and shortly there- 
after became a sales engineer. In 1934 he 
was moved to Oil City, Pa., to act as 
District Manager of the northwestern 
Pennsylvania district. In 1942 this office 
was moved to Franklin, Pa., where he re- 
mained until his appointment in Buffalo. 

C. M. Richardson has been appointed 
District Manager for the northwestern 
Pennsylvania district for The Lincoln 
Electric Co. His office is located at 741 
Liberty St., Franklin, Pa. 

Mr. Richardson is also a graduate of 
Case Institute of Technology, graduating 
in 1936 with a degree in Mechanical En- 
gineering. He went to work for The 
Lincoln Electric Co. immediately follow- 
ing graduation and has been engaged in 
sales engineering for the past twelve years 
in Ohio, Wisconsin, Illinois, Iowa and 
Buffslo, N. Y. In 1942 he was made 
District Manager at Toledo, Ohio, where 
he had been for the past six years. While 
in Toledo, he was on the staff as a lecturer 
at the University of Toledo. 

Ray Zeh has been appointed District 
Manager of the Toledo, Ohio, district for 
The Lincoln Electric Co. His office is 
located at 663 Spitzer Bldg., Toledo, Ohio. 

Mr. Zeh graduated from Western Re- 
serve University in 1937 and started to 
work that year for The Lincoln Electric 
Co. He worked in the factory for a year 
and a half in the experimental department 
and was then transferred to the sales en- 
gineering department. He has been active 
in the field for ten years in the Milwaukee, 
Wis., office. His recent appointment as 
District Manager in Toledo followed 
directly his service in Milwaukee. 

All of these representatives are mem- 
bers of the Amertcan WELDING Soctery. 


Western Names New Works 
Manager 


F. W. Dye, president of Western 
Supply Co., Tulsa, manufacturer of heat 
transfer equipment, has announced the 
appointment of Willard A. Emery as the 
firm’s new Works Manager. The ap- 
pointment of Emery, according to Dye, 
further augments Western's rapidly ex- 
panding manufacturing program, now 
serving the petroleum, gas and chemical 
processing industries. 


Willard A. Emery 


Prior to joining Western, Emery was 
Assistant Plant Manager of the Worthing- 
ton Pump and Machinery Corp.’s Hol- 
yoke Works, having served with that 
organization for 25 years. During that 
time, he held the positions of Sales Service 
Engineer, Production Manager, Superin- 
tendent of Welding and Refrigeration, 
Assistant Manager of Ordnance Division 
and Assistant Plant Manager, in the 
Worthington Holyoke and Harrison, 
N.J., plants. 

A graduate of Massachusetts Institute 
of Technology, with a B.S. in Mechanical 
Engineering, Emery studied Business 
Administration at Rutgers University, and 
Welding Metallurgy at Brooklyn Poly- 
technic Institute. 


Long active in professional and enzineer- 
ing cireles, Emery helped to organize the 
Northern New Jersey and Western 
Massachusetts sections of the AMERICAN 
We pinG Soctety. He also served on the 
Board of Directors of the Western 
Massachusetts Technology Club, and on 
the Advisory Committee of the Holyoke 
Trade School. 


Poe Made Sales Manager 


The appointment of Roy W. Poe as 
Sales Manager of Tweco Products Co., 
Wichita, Kans., is announced by R. L 
Townsend, partner and general manager 
of the firm. Poe has had more than ten 
years in the field of sales promotion and 
advertising. He spent five years in the 
sales promotion department of the Kansas 
Gas & Electric Co. and was in charge of 
Sales Promotion and Personnel for the 
Swallow Airplane Co. for three years. 


Roy W. Poe 


Poe joined Tweco Products early in 
1948 and in his new capacity will serve as 
sales and advertising manager working 
directly under the general manager. He 
will have his headquarters at the factory 
located at English at Ida Sts., Wichita, 
Kans. 


Practical Welder and Designer 


The Editor needs the help of all mem- 
bers of the AMERICAN WELDING Society in 
preparing interesting material for the 
Practical Welder and Designer section. 
If you have a short story for this section 
please send it to the Editor of Taz Wexp- 
ING JOURNAL, 33 West 39 Street, New 
York 18. 
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Projection 


OFFSET HOLDER THE Co. Inc. 1600 Seaview 


Catalog 
and 
prices 


on request 


Briocerort, Conn. WELDING ROLL 
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WELDING 
STAINLESS? 


O 
TO RESIST WHAT? 


HEAT? 

COLD? 

IMPACT? 

BENDING FATIGUE? 
CORROSION? 


WHAT KIND OF 
CORROSION? 


O 


NOW ONE MORE 
QUESTION: 


Are you using the best electrode or 
rod for your purpose? 

If you’re not too sure, get in touch 
with your PAGE distributor. Either he 
knows or he can find out from the PAGE Field Service Man. And the PAGE 
distributor has a wide selection of Page-Allegheny Stainless Steel rods and 
electrodes, so that he can give you the one that will serve you best. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


id | 
: 
| 
i 
; 
ACCO § Ser ig rn 
("A A 
—, AMERICAN CHAIN & CABLE  £™ Stig, 
Mos 
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Brazing Flux 


Master Laboratories, 1545 N. Artesian 
Ave., Chicago, Ill., has issued a leaflet on 
master flux and metal conditioner for 
brazing or welding, which it is claimed, 
restores strength and toughness into the 
area adjoining the weld. 


Welding High-Strength 
Aluminum Alloys 


New findings on the welding of high- 
strength aluminum alloys are described 
in a report just released by the Office of 
Technical Services of the Department of 
Commerce. 

Three approaches to the improvement of 
welded joints are discussed in the report: 
(1) the development of improved filler 
metals; (2) the effects of various heat 
treatments and (3) the use of unorthodox 
joining methods ineluding cold-pressure 
welding. While work on the two first 
approaches remains far from complete, 
promising leads appear to have been un- 
Unorthodox welding techniques 
on the other hand, do not vet seem to offer 
definite hope for improving the quality of 
welded joints 

As part of the study carried out by the 
Battelle Memorial Institute for the De- 
partment of the Army, determinations were 
made of the strength properties of joints 
in thick high-strength alumimum alloy 
plates, welded by conventional processes 
with currently available filler materials. 
These results are available in essentially 
complete form. 

Conventional welded joints were found 
to have only from 5 to 30% of the ductility 
of the parent plates, emphasizing the need 
for filler-rod alloys that would deposit 
more ductile weld metal. A few tests 
completed with “‘Aleoa 716’ filler rod 
showed consistently superior results to 
those obtained with 438 filler rods, or 
alloys of identical composition to the 
parent metal, 

Tensile efficiencies of welded joints were 
found to be markedly improved by full 
heat treating. No work as yet has been 
done to determine possible advantages of 
mechanical working welds to improve joint 
efficiencies 

PB 92831, /nvestigation on the Welding 
of High-Strength Aluminum Alloys, 63 
pages including photographs, tables and 
charts, can be obtained in photostat form 
for $8.75, or in microfilm form for $3.00. 
Orders should be addressed to the Library 
of Congress, Photoduplication Service, 
Publication Board Project, Washington 
25, D. C., accompanied by check or money 
order payable to the Librarian of Congress 
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Jigs and Fixtures 


"Jigs and Fixtures, 5th ed., by Fred H. 
Colvin and Lucian L. Haas. Published by 
MeGraw-Hill Book Co., 330 W. 42nd St., 
New York 18, N. Y. Price $4.50. This 
standard guide provides information cover- 
ing all aspects of the design and use of jigs 
and fixtures. It answers your questions on 
what is standard practice in large shops 
and shows how you can adopt these prac- 
tical methods for your own use, Standard 
data have been brought up to date and new 
material added on jigs and fixtures for 
various machining operations. Each item 
entering into the proper design of jigs and 
fixtures is given careful attention, such as 
arrangement of views, lines and line work, 
dimensioning, screw-thread —representa- 
tion for bolts and threaded parts, ete 


Hard Facing Tire Chains 


Wall Colmonoy Corp., 19345 John R. 
St., Detroit 3, Mich., recently published 
a two-page Data Bulletin describing the 
procedures for hard facing tire chains. 
Complete information on procedures, 
equipment and material required is out- 
lined. 

Tire Chains hard faced as described 
will last more than 3'/, times the life of 
unfaced chains. 


Advantages of Low Heat 
Welding Technique 


A new, completely illustrated eight-page 
bulletin presents the advantages of and 
reasons for selecting the low-heat-welding 
alloys manufactured exclusively by the 
Eutectic Welding Alloys Corp., New York 
13, N. Y. for new welding jobs. 

This Sept.-Oct. issue of the Eutectic 
Welder will be received by more than 250, 
000 engineers, technicians and welders in 
countries all over the world as well as in the 
United States, It stresses the many 
reasons for choosing low heat alloys for are, 
torch and furnace application, and it pre- 
sents complete case histories of eight 
difficult welding problems with pictures 
illustrating each. The solution for each 
problem is carefully explained and dis- 
cussed so that the special advantages in 
selecting low heat welding can be easily 
seen and applied in similar cases. 

A complete reference chart for the weld- 
ing of all metals that shows the proper low 
heat allovs for every welding application is 
included in this issue. 

This Welding Method Selection issue is 
available by writing to the Eutectic Weld- 
ing Alloys Corp., 40 Worth St., New York 
13, N. ¥. 


New Literature 


Bulletin on Inert Gas Welding 


Inert gas welding, the process now up- 
permost in the minds of industrial welders 
large and small, as a business, or as an 
essential part of manufacture, receives an 
important contribution in a bulletin just 
issued by Fansteel Metallurgical Corp. 
The bulletin is most practical and helpful 
in its information to all who are using or 
contemplating use of helium, argon or 
atomic hydrogen are welding, methods 
which are revolutionizing the welding 
industry. This includes the smallest 
setups for welding to the largest automatic 
as well as manual. 

New advantages, new simplicity, new 
economies are found in this process. It 
is applicable to the widest range of weld- 
ing —tanks, fabrication, 
dairy, hotel and restaurant equipment, 
thousands of metal products big and little 
throughout industry 

Specifically the new Fansteel bulletin 
deals with the tungsten electrodes, vital 
factor of inert gas welding’s success 
Absolutely necéssary for perfect and uni- 
form character of the welding is are sta- 
bility. For this, purity of the tungsten is 
essential. Pure tungsten melts at 6152 
F., the highest melting point of all metals 
Its vapor pressure (0.000005 mm. at 
1580° F.) is the lowest of all metals. It is 
these properties which make tungsten 
useful as an eletrode material. Fansteel 
tungsten electrodes are 99.9+% pure 
tungsten. Beginning with premium wol- 
framite ore, every step of the production of 
tungsten at the Fansteel plant is under the 
control of trained metallurgists and quality 
contrel engineers. Every electrode must 
pass rigid inspection for cracks, surface 
impurities, dimensional errors and other 
imperfections. 

The Bulletin illustrates from actual 
photographs the uniform clean welds, 
without grinding or polishing, made by 
inert welding with Fanstee!l electrodes 
Copies may be had by addressing Fansteel 
Metallurgical Corp., North Chicago, Ml. 
Ask for Bulletin 1.102. 


stainless steel 


Reprint on Heliwelding 


A new reprint of an article on Heli- 
welding has been announced by the Air 
Reduction Sales Co., entitled “How to 
Use Helium Shielded Are Welding” 
and written by H. O. Jones, Airco weld- 
ing specialist. The article originally ap- 
peared in American Machinist and is being 
used by them as a special report to the 
metal working industry. 

The article covers such topics pertinent 
to inert-gas, shielded-are welding as basic 
features, welding currents, electrodes and 
gasses, scope of the process, equipment 
employed, process procedures and case 
histories covering specifie applications of 
Heliwelding. The 16-page reprint is 
illustrated with 18 photographs and nu- 
merous graphs and charts. 

For your free copy of “How to Use 
Helium Shielded Are Welding”’ write Dept. 
2328, Air Reduction Sales Co., 60 E. 42nd 
St., New York, N. Y., or the Airco sales 
office nearest you. 
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“WELD water coole 


SECURELY” and positively 
LEAK PROOF 


Do YOU Specify your welding 
requirements this way? 


Do you know what the welding 
requirements are for bridges, build- 
ings, piping, storage tanks, pressure 
vessels or whatever your type of 
fabrication ? 


This information, necessary for 
solving your practical, every-day 
welding problems, will be found in 
the standards issued by the Ameri- 
can Welding Society. 


Heavy Duty 
Welding Electrode Holders 


Weiger-Weed Holders are designed to deliver 
more than enough cooling water for any resist- 
ance welding application using replaceable 
tips. And Weiger-Weed Holders positively do 
not leak at any water pressure which hoses and 
connections will withstand. When you put 
Weiger-Weed Holders on your machines, you 
put an end to cooling and leakage problems. 
Weiger-Weed Holders quickly pay for them- 
selves in maintenance savings. 


With these holders and Weiger-Weed Re- 
placeable Tips, one can hardly help but reduce 
welding costs. And this same metallurgical 
quality and engineering forethought will be 
found in Weiger-Weed seam welding wheels, 
projection welding dies, flash and butt welding 
dies and special alloy bars, forgings and 
castings. 


Are You 


a Designer? 


—a Welding Engineer? 


a Welding Operator? 


or engaged in any other capac- 
ity as a Purchasing Agent, 
Salesman or Administrative 
Executive? 


Then you should know what the 
material, filler metal, design, work- 
manship, inspection and qualifica- 
tion requirements are for different 
products and_ structures. You 
should be familiar with the stand- 
ard welding nomenclature and 
welding symbols used in everyday 
welding conversation and corre- 
spondence, in technical articles and 
in contract specifications and regu- 
latory requirements. 


; a (1) Hardened stainless steel Weiger-Weed engineers and facilities are at 

If you are not already familiar hel 
fications of the American Welding welding problems, whatever they may be. 
Weiger-Weed & Company, Division of Fansteel 


Society as well as the educational 
books, ask the Technical Repre- WP : Metallurgical Corporation, 11644 Cloverdale 
etic knockout tube Ave., Detroit 4, Michigan. 


sentative (Liaison Officer) of your 
Local Section for a free copy of 
Bulletin 101 describing these pub- 
lications. Also ask about the spe- 
cial discounts to members. If you 
prefer, write directly to AWS Head- 
quarters. 


PROJECTION 


It is easy to keep informed 
through American Welding Society 
technical publications. 


They will help you. 
Use them! 


RATION 
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Metco News 


Metallizing saves money in the main- 
tenance of pumps. The new easy-to-read, 
fact-packed November issue of the Metco 
News, tells you how it is done. 

To help the readers solve their pump 
maintenance problems, the November 
issue of the Metco News shows the savings 
possible by metallizing a wide range of 
pump parts, both centrifugal and recipro- 
cating. 

One user of metallizing reports savings 
of $2,475 in one vear. Another user re- 
ports a job involving bronze packing 
sleeves—replacement cost of new bronze 
sleeves was $44 each. Now they metallize 
these worn sleeves with stainless at a total 
cost of $6.70 each. The metallized sleeves 
outwears a new bronze sleeve by 4 to 1, 
giving this user a value of $176 for $6.70. 
Cost and time estimates are also given on 
many other applications. 

Write for your copy of the Metco News 
and see how metallizing can help you. Ask 
for Volume 4, No. 5, Metallizing Engi- 
neering Co., Inc., 38-14 30th St., Long 
Island City 1, N. Y. 


Literature on 
New Aircomatic Process 
The Air Reduction Sales Co., has an- 


nounced the availability of a six-page 
folder entitled “The Development of the 


Gas Shielded Metal Are-Welding Process.” 
Written by Jesse S. Sohn and A. N. Kugler 
and presented as a a paper before the annual 
meeting of the AmerrcaN WELDING $ 
ciety, the article gives complete details 
and description of the new Aircomatic proc- 
ess which was introduced to industry at 
the National Metal Exposition 

Copies of this folder may be obtained 
free of charge by writing Dept. 2313, Air 
Reduction Sales Co., 60 E. 
York 17, N. Y. 


Hard Facing 
Concrete Mixing Equipment 


Recently published, a three page book- 
let, by Wall Colmonoy Corp., 19345 John 
RSt., Detroit 3, Mich., describing the hard 
facing of mixer arms on concrete and 
cinder block equipment. It contains new 
complete information on hard facing pro- 
cedures plus sketches showing exactly 
where to hard face the parts. 

Increased life of 4 to 5 times has been 
reported from users of this equipment 
when hard faced as described in the book- 
let. 


Welding Fundamentals 


The objective of Welding Fundamentals, 
by H. P. Rigsby, is to present, in text 
form, a compilation of the fundamentals 


42nd St., New 


and principles of welding that will be 
useful to the engineering student. 

Because the engineer is primarily in- 
terested in fundamentals, the actual tech- 
nique of welding is of secondary interest 
to him, and it is so treated in this pres- 
entation. To learn welding as a vocation 
would require a great deal of time, several 
hundred hours of practice, and the engi- 
neer certainly does not expect or wish to 
master every manual trade that is related 
to his profession. However, a working 
knowledge of such trades will be of use 
in the practice of his profession and in 
dealing with the men who work at them. 

Welding Fundamentals is published by 
the Pitman Publishing Corp., 2 W. 45th 
St., New York 19, N. Y. Price $2.75. 


Phosphor Bronze Data Book 


The Phosphor Bronze Corp. recently 
announced the publication of a new Tech- 
nical Data Book. There are specific 
sections covering phosphor bronze strip 
and sheet, wire, rod, rope, castings, bush- 
ings, and ingots. Tabular data on the 
physical properties, chemical analyses, 
specifications and typical uses of the many 
analyses of this alloy, together with special 
spring design and machinability data, are 
included in this illustrated 28-page boek. 
For your copy of the Technical Data Book 
write The Phosphor Bronze Corp., 2200 
Washington Ave., Philadelphia 46, Pa. 


New York 18 


BRAZING ALLOY SALES 
ENGINEERS WANTED 


A large nationally known manufacturer of metal mill prod- 
ucts is organizing a new Brazing Alloy Product Division. , 


Unusually attractive sales employment opportunities are open No. 4 
for qualified men on a salary and sales incentive basis , 


Only applicants who have had experience in brazing or 
welding with proven sales ability will be considered. 


Box No. 102, Journal, 33 West 39th St., 


Years of GUARANTEED SATISFACTION 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 
No. 2 Peme = Flux for Brass, Bronze 
Braz-Cast Flux for Bronze Welding Cast Iron 
No.5 &8 Cast & Sheet Aluminum Fluxes 
No.9 Stainless Steel Welding Flux 
No. 11_ Tinnin 
No: 16 Silver 


By 
ANTI-BORAX COMPOUND CO., INC. 


Buy “PROVEN FLUXES” 


behind these GOOD 
“ANTI-BORAX”’ FLUXES 


Steel, etc. 


Compound 
Flux 


Fort Wayne, Ind. 


SIZES 1/4 TO 300 KVA. 
FOR MANUAL AIR, MOTOR, 

OR ELECTRONIC OPERATION 

also BUTT, ARC, and 
GUN WELDERS 


OF ALL TYPES 


TRANSFORMERS 

For Furnaces, Lighting, Distribution Power. Auto 

Phase Welding, and Special Jobs. 
AIR end WATER COOLED. 


779 South 13th St. (Near Avon Ave.) 
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Sizes 1/4 to 300 KVA. | 
CHARLES EISLER 
EISLER ENGINEERING CO., INC. 

NEWARK 3, N. J., U.S.A. 


TRANS? ORMES S 


New Literature 


Time Counts 
Gas cut and Weld with 


EMPIRE STATE BUILDING, NEW YORK 
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CORPORATION 


HERE’S WHAT NI-ROD 
GIVES YOU 


performance 


@Stable arc in al! positions 
@Smooth bead contour 
@Excellent “wash” 

@Easy slag removal 
@Preheating seldom required 
@ Works on either a.c. or d.c. 


tn weld guality 


@ High-strength deposit 
@ Easy machinability 
@ Thorough fusion 
@ Freedom from crecks and porosity 
@ Close color match 


it usefulness 


@ General repair and maintenance of 
cast iron parts, including the building 
up of worn surfaces. 

@To remedy minor flaws in new 
castings 

@For correction of machining errors 

@As @ production tool to ib! 
cast iron to steel 


EMBLEM OF 


CLIP THIS cou ~ ON In 1945, after several years of develop- 
ment and thousands of tests, The Inter- 
national Nickel Company introduced 

FOR TRIAL SAMPLE At that time we thought our labora- 
tories had produced a rod that would 
“hit-or-miss”” class. 

LEARN WHY WELDERS Today, Ni-Rod has proven even better 

NI-ROD “tne 

EASIEST HANDLING 

ELECTRODE EVER MADE 

TO WELD CAST IRON” 


\ 


a ¥2 32” Please cheek one size only 
Name 
z Company 
W. J. 1-49 
iddress 
State 


Ni-Rod* welding electrodes. 


finally take cast iron welding out of the 


in the field than it did in the original 
tests. 


Sales records show that 82% of our 
customers re-order Ni-Rod once they 
try it! 

Welders keep telling us that Ni-Rod is 
the easiest-handling electrode ever made 
for welding cast iron. 


And they’re not only using Ni-Rod to 
weld cast iron. They’re also using Ni- 
Rod to weld cast iron to steel. 


*Trade mark 
of The Laternational 
Nickel Company 


MAIL 


IT TODAY! 


When you get your three free eleo- 
trodes try them on any cast iron job 
im the shop. We feel sure that you, 
too, will say: «Ni-Rod is the last 
word for welding cast iron’, 


Ni-Rod comes in San" 
and 346" diameters. Please check the 


size you want on the coupon below. 


Gentlemen: Vd like to try Ni-Rod welding electrodes. Please send me 3 free rods 
of the diameter I have checked. 


IK service ( THE INTERNATIONAL NICKEL COMPANY, INC. 
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CNI 


TRADE MARK 


ROD 67 WALL STREET + NEW YORK 5, N.Y. 
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LINDE’S new HELIARC torch for making spot welds 
with contact from only one side. 

Net Weight 

Length (barrel) 

Capacity 


One hose makes the spot welding torch as light and 


portable as an oxy-acetylene blowpipe. 


Trigger action 


Push button control of electrode adjustment 


With the Herrare torch on the assembly line, you can easily make spot welds in those 


hard-to-get-at_ places. Other applications are just as easy. 


would you make SPOT 
THe WELDING JouRNAL 


Torch spot welding is a new use for inert-gas- 
shielded are welding that fills a long-felt gap in 
sheet metal assembly methods. Spot welds are 
made by a light pistol-grip torch that requires 


access to the work from only one side. 


Does many jobs 

You can use this new Heciarc torch for many 
types of spot welding work. [tis especially useful 
where the structure is large or of complicated 
shape because welding is done from one side and 
no forging pressure is required. You can spot 
weld ducts. tubes, containers, brackets, handles 
and many other assemblies. Mild steel, low alloy 
or stainless steel .030 to .064 in. thick are the 
metals that can now be welded. Not only can 
you join sheets of these metals in one to two 
seconds per spot, but you can also join a sheet 
of metal to underlying material of any thickness. 
Thus, corrosion resistant sheets can be spot 


welded to mild steel plate to provide cladding. 
Easy to use 

It’s no trick to weld with the pistol-grip 

Heviarc HW-8 Spot Welding Torch. Just press 

the “muzzle” of the “gun” against the work and 


pull the trigger. 


CHE 


Trade-Mark 
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“HELIARC” TORCH SPOT WELDING can do it easily and quickly 


The words “Linde” and “Heliarc™ are registered trade-marks of The Linde Air Products Company. 


Full Scale 


Low-cost power equipment is another feature 
of this process that makes it attractive. A regular 
300 amp. welding transformer with high frequency 
unit is all that is needed to supply the power. 
Power return is by ground lead clamped to the 
work at any convenient location. A timer con- 
trol automatically takes care of operating the 
accessory equipment. 

Equipment is simple 

Only one hose assembly connects the torch to 
the accessory equipment which cah thus be 
placed out of the way to leave the entire work 
area free. The standard hose assembly is 25 ft. 
long. The hose is about an inch in diameter and 
contains conductors for power cable, cooling 
water, shielding gas, and trigger control. Electrode 
adjustment is easily made by push-button 
control located on the torch. All of these features 
make the spot welding torch easy and natural 
to use and as light and portable as an oxy- 
acetylene blowpipe. 

The ease of use and quality of work done with 
HrLIARC torch spot welding makes it an ideal 
production line tool. Contact any LINDE office 
for additional information about this new spot 


welding process. 
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PRODUCTS 


New High Silver Brazing Alloy 


A new high-silver alloy specially de- 
veloped to supplant regular silver brazing 
alloys through better performance and 
lower cost is now available to the welding 
industry. Eutectic Welding Alloys Corp., 
announces the availability of its new 
Eutecrod 1700 for stainless steel, copper, 
brass, bronze, tungsten carbide and steel. 

Eutecrod 1700 is an unusually ‘“‘thin- 
flowing” high silver alloy designed par- 
ticularly for large scale production runs. 
It gives a much better color match to 
stainless steel and it is particularly recom- 
mended for making lap, square, butt and 
T-joints and for sealing and filling small 
cracks and defects. Eutecrod 1700 gives 
excellent results in joining tungsten car- 
bide tips to steel shanks and in welding 
light gage metal as well as in the joining of 
stainless steel and in the welding of steel to 
steel or to other metals. 

Futecrod 1700 bonds at 1020-1250° F. 
and has a tensile strength of 64,000-68,000 
psi. It is available in */32, 3/4, and 
'/«, in. diameters. Eutector Flux 1700 is a 
new high performance flux for use with 
Eutecrod 1700 to insure lowest heats of 
application. 

For additional information, write to 
Eutectic Welding Alloys Corp., 40 Worth 
St., New York 13, N. Y. 


Hastelloy and Multimet Alloy 
Available in Wire Form 


Hastelloy and Multimet alloy drawn 
wire—for welding, metal-spraying, and the 
manufacture of wire screen, wire cloth and 
springs—is now available in sizes down to 
0.060 in. in diameter from Haynes Stellite 
Co., Kokomo, Ind. The wire is furnished 
in coils or in cut and straightened lengths, 
either bare of flux-coated. Sizes below 
0.060 in. in diameter are supplied by an 
associate company, Kemet Laboratories 
.Co., Inc., Madison Ave., and W. 117th St., 
Cleveland, Ohio 

Hastelloy alloys are high-strength, 
nickel-base alloys, that were specially 
developed to resist severe chemical cor- 
rosion. They withstand the action of the 
common mineral acids—such as hydro- 
chlorie and sulphurie—over a wide range 
of temperatures and concentrations, and 
also oxidizing agents such as ferric chloride 
and wet chlorine. Alloy B, which contains 
nickel, molybdenum and iron, is particu- 
larly resistant to hydrochloric acid; alloy 
C, nickel-molybdenum-chromium-iron 
alloy, is specially suitable for applications 
involving oxidation. Both grades have 
excellent physical properties and excep- 
tionally good high-temperature properties. 
Multimet alloy is composed of cobalt, 
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chromium, nickel and iron. It was devel- 
oped specially for use at elevated operating 
temperatures. In addition, it possesses 
excellent physical properties and is com- 
parable in tensile properties to high- 
strength steels. 


New Work Positioner 


A newly designed motor-operated work 
positioner, driven by an hydraulic variable 
speed transmission and a '/2 hp., single- 
phase a. ¢. motor, has been introduced by 
Ransome Machinery Co., subsidiary of 
Worthington Pump and Machinery Corp., 
Dunellen, N. J. The positioner, known 
as Model I-P, has a load capacity of 100 
Ib. By its use, production is increased up 
to 50% because all welds are made in the 
down-hand position 


The table top on Ransome’s Model I-P 
rotates 360° at variable speeds, adjustable 
from 0-5 rpm. in either direction. It is 
manually tilted through 135° and locks at 
any degree of tilt by means of a worm-and- 
segment. 

Ransome’s Model I-P is ideally suited 
for such operations as welding, hard sur- 
facing, assembling, repairing, grinding and 
similar operations because it places the 
work in a position most convenient for the 
operator. 

For full details and specifications, write 
Ransome Machinery Co., Dunellen, N. J., 
for Bulletin 224-P. 


New Lock Nut, Weld Nut 


Combination 


Where the application of nuts to bolts 
in production work is difficult due to lack 
of space, or where metal sections are teo 
thin to thread, it is becoming common 
practice to use projection weld nuts. The 
application process is then reversed, the 
nuts are welded in final position and the 
bolt is serewed into the nut. 

A sirailar practice is followed in auchor- 
ing bulky or heavy products to shipping 


cases, frames or boxes. The weld nuts 


New Products 


are welded to the product, and bolts 
passing through holes in the container are 
screwed into the weld nuts to hold the 
product securely in position during han- 
dling and transit. 

Trouble has frequently been encoun- 
tered in the nut-welding process by par- 
ticles of welding metal dropping into the 
nut threads during the welding process, 
requiring retapping of the nut. This 
trouble has been overcome in the Gripeo 
3-point projection weld nut,* by counter- 


(Left) Gripco “double triangle” thread- 
locking feature: (right) counterbore 
in Gripco weld nut 


boring the bottom of the nut about « 
quarter of the way through, causing meta! 
particles to fall on the counterbored por- 
tion (which slants outward) instead of or 
the threads. The thickness of the Gripeo 
Weld Nut is increased to compensate for 
the threads removed by counterboring 
thread depth being the same as in a stand- 
ard nut. 

The top of the Gripeo projection weld 
nut is the standard Gripco “double tri- 
angle” thread-locking design. When the 
bolt is applied, it locks into the Gripco 
nut and is prevented from loosening. 

The Gripco 3-point weld nut has three 
projections for welding contact, assuring 
firm, nonrocking electrical 
when making the weld. It is a product of 
the nation’s oldest lock nut manufacturer 
Grip Nut Co., 397-h, 5. Michigan Ave 
Chieago 4, Il. 


connections 


* Patented and patent pending 


Glove 


A new heavy-duty glove, ideal for 
handling small castings, rough stock 
grinding and similar work has been added 
to its safety clothing line, American Opti 
eal Co., Southbridge, Mass., announces 

Made of specially treated chrome 
tanned cowhide for long wear, the glove fea- 
tures a canvas back with elastic strap t« 
overeome hand fatigue while providing s 
cooler feeling and snug fit. 
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‘OPERATORS REPORT: 


The proper model of the right type of welder, with just the right 
electrodes and appropriate accessories to make YOUR welding 
job easier—and more profitable! That's the policy upon which the 
entire line of General Electric arc-welding equipment has been 
established, added to, and constantly improved, until today there 
is G-E arc-welding equipment for every welding application. 

Take a-c welding, for example—the most advantageous method for 
75% of all welding applications. G-E a-c welders are available in 
three basic types and 10 different ratings, from 100 to 1000 amps 
... all featuring easier arc striking, better arc behavier, stepless 
current control, and unusually compa-:t design. A steel-fabricating 
company told us: “G-E a-c welders give us better, faster welding . . . 
lower power costs, less maintenance.” 

Inert-Arc and atomic-hydrogen welders for welding “difficult” 
metals are included in the a-c lineup. (Bulletins No. GEA-4081; 
GEA-4930) 


A-C WELDERS 


| 
| 


HAVE YOU SEEN “ARC WELDING AT WORK’'? This new, sound-color 
motion picture depicts clearly the design and production advantages 
inherent in the three basic types of arc welding. Ask your G-E Arc- 
welding Distributor—or mail the coupon tomorrow. 
Dept. E 672-94, Apparatus Department 
General Electric Company, Schenectady 5,N. Y. 


0 ld like to see “Arc Welding at Work” 


© Send me bulletin numbers 


Nome & Company 
Address 
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Sure, you can’t beat d-c for certain welding applica- 
tions! And for those jobs, you can’t beat G.E.’s WD-40 
line of d-c welding machines with their snappy, 

able arc... single-dial dual control... 50% savings 

‘ . dependable, low-cost service 
over a lon ife span.” Available in 200-, 300-, and 
400-amp ratin®\jn motor-generator, belt-drive, or 
engine-driven mod@q, “Smoothest machine we ever 
used!”’ say operators. letin GEA-4852) 

This light-duty, trail mounted WD-3200BG 
welder (250-amp max. weldi&\g generator driven by a 
Wisconsin four-cylinder, air-co&led engine) has been 
making a tremendous hit. Mr. %. E. Poole, Vice- 
president of the Hallen Co. Inc., sdys: “This engine- 
driven welder is ideally suited for refgote and difficult 
locations. It is rugged, yet light and easWy maneuvered. 
And when you get it to those ‘hard-to%get-at’ jobs, it 
provides dependable operation with a pappy welding 
arc.’ (Bulletin GEA-4886) 


ELECTRODES AND ACCESSORIES 


67 types of G-E welding electrodes can help 


supply the answer for welding mild steel, cast- 
iron, stainless steel, phosphor-bronze—general 
purpose welding, and alloy and special-purpose 
welding; Bulletin GES-3571. G-E welding 
accessories, described in Catalog GEC-253, are 


designed for easier welding with. maximum 


protection. 


Copyright 1948, General Electric Co, 


ARC WELDERS e ELECTRODES « ACCESSORIES 
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All necessary seams are steel sewed and 
the seam along the forefinger has been 
eliminated for longer glove life and added 
comfort at this vulnerable point. 

Wearing surface of the palm has been in- 
sreased also, by extending the palm, and 
there is no bib patch—another comfort 
feature. In addition, the steel stapled 
strap at the thumb crotch fortifies this part 
f the glove. A steel stapled patch is on 
the face of the thumb. The glove also has 
a short cuff with tape binding. 


Magnetic Ground 


The Vanol Corp., 4170 Hartford St., 
St. Louis 16, Mo., announces a new mag- 
netie ground under the trade name “Mag- 
netrode.”’ In addition to its function as a 
grounding contact, the magnetic action of 
the magnetrode is claimed to improve 
the quality of are welding. 


Advantages of the Magnetrode lie in its 
ability to reduce time and labor, magnetic 
blow, resistance, spatter and use less weld- 
ing current, vet increase penetration. 
These and other advantages mark the 
Magnetrode as an interesting development 
in the field of electric are welding. 

The new unit is easily and quickly 
attached to the grounding cable, and can 
be used on all types and models of electric 
are-welding machines, a. c. or d. ¢. 
Models vary for particular needs. 

Magnetrode Mode! 700 is an all-purpose 
welding ground with four permanent 


Fig. 1 Dual welding head on track beam bridge for tray fabrication 
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magnetized faces for use on any round or 
flat surface. Model 700 has a capacity of 
0-500 amps., and can be used on cables up 
to 40. 


Hydraulically Operated 
Flash Welder 


An hydraulically operated flashwelder 
that is completely automatic except 


for lokding and unloading is an- 
nounced by Agnew Electrie Co., Milford, 
Mich. It is identified as Type HAB. 
While the hydraulic pump supplies the 
pressure to actuate the movable platen 
and a flow valve controls the flash cycle 
air is used for clamping. The dies are 
replaceable inserts which not only mini- 
mize die cost but also make practical a 
broad application of work. The tap 
switch on the transformer provides a wide 
heat range for diversified production. The 
machine is equipped with water-cooled 
50-kva. transformer and clamps, welder- 
type magnetie contactor and all necessary 
The type HAB welder 
was particularly designed not only where a 
uniformity of welds is required, but also 
where close tolerances must be held. 


pressure controls 


Dual Head Welds L-Ft. Tray 
in Six Minutes 


Two Unionmelt welding heads, mounted 
on a single carriage as shown in Fig. 1, 


New Products 


weld '/.-in. thick side pieces to the per- 
forated tray bottom '/, x 18 in. The 
electrical operating switches for both weld- 
ing heads are mounted on one side for the 
operator's convenience. 
mounted on a simple beam bridge that 
rolls over the fixture as shown in Fig. 2 and 
eah be locked in position. Hydraulic pis- 
tons in the bridge and the fixture activate 
hold-down clamps. Copper strips be- 
neath the joints on both sides of the tray 
back up the completely penetrated weld 

The Unionmelt electric welding process, 
permits the use of high welding currents 
and produces a clean uniform weld with 
complete penetration. By the use of this 
process the Silver Engineering Co. of 
Denver, Colo., is able to weld these trays 
in six minutes with no subsequent cleaning 
or chipping. Considerable savings are 
realized over other methods of fabrication 


The carriage is 


Hydraulic Elevating Table 


The Lyon-Raymond Corp. announces 
a new addition to its line of hydraulic 
elevating tables, the standard 4000-lb 
capacity model. 

This new table has a 30- x 30-in. top 
which revolves fully or can be locked in a 
fixed position. The top has a 14-in. range 
of elevation, the lowered height being 28 
in. and the elevated height 42 in 

Two heavy-duty ball-bearing swivel 
casters and to heavy-duty rigid casters 
with 6-in. wheels and roller bearings pro- 
vide portability under full load. A floor 
lock-type brake holds the table in position 
when required. 

The single speed hydraulic foot pump 
developing 1000 psi. provides easy, smooth 
operation. A pedal release valve controls 
the lowering speed and holds the top 
securely at any intermediate position be- 
tween the lowered and elevated heights. 

Many other uses can be suggested for 
this new product. The range of elevation 
allows work to be positioned at a conveni- 
ent working height for welding, grinding, 


die repairing and other bench jobs. 


Fig. 2 Removing the finished tray 
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HAVING ANY DIFFICULTY 


GETTING COPPER COATED WIRE IN REWOUND 
COILS FOR SUBMERGED ARC WELDING ??? 


"RACO” RED LABEL is supplied in the following 
diameters: 7/32" — —7/ — Wire is 
accurate in size and true round. Most beautiful copper coat- 
ing in the industry. All sizes have a very light knurl to pre- 
vent slip in feed rollers. Coils are of any I.D. width, or weight. 
Thread wound to prevent tangling during feed off. Four 
grades —.06 car. max.—.08-.10 car.—.10-.15 car.—.13-.18 car. 
-95-1.25 mang. Small coils are rewound on fibre bands and 
wrapped on outside with heavy two-ply moisture proof paper. 
Write, telephone or wire for prices and deliveries. Be sure to 


state 1.D. width and weight of coils desired. 


HEADQUARTERS FOR ALL GRADES OF 
AUTOMATIC ARC WELDING ELECTRODES (cons 


30 YEARS’ EXPERIENCE IN FINE SPECIALTY WIRE DRAWING 


TEL. Riverside 0566 
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Heavy overhanging work can be supported 
evenly because of the adjustable height. 
The unit can also serve as a modified sheet 
feeding table for handling heavy sheets. 

Full information can be obtained from 
the Lyon-Raymond Corp., 6854 Madison 
St., Greene, N. Y. 


Mill for Welding Water Tanks 


A semicontinuous seam welding machine 
was designed and built by a West-Coast 
manufacturer * of hot water tanks for weld- 
ing tanks of various diameters. Regula- 
tion of the welding current and the air 
pressure are the only adjustments neces- 
sary for welding tanks of different size. 
The longitudinal seam is made by the 
Unionmelt welding process, a method of 
welding electrically beneath a granula- 
ted welding composition which fuses in 
the welding zone and submerges the weld. 
The welds have complete penetration and 
are made without spatter. The fused com- 
position detaches itself and reveals the 
smooth clean weld which does not require 
chipping or peening. 

An operator forms the tank shells on 
pyramid rolls and feeds the cylindrical 
shells into the welding mill. A pneumatic 
ram forces each section against the pre- 
ceding one and a chain drive moves the 
shells at welding speed beneath the welding 
head. A water-cooled copper shoe under 
the welding zone backs up the completely 
penetrated welds. The shells are fed 
through the mill on the lower flanges of an 


* Southern Heater Co., Compton, Calif. 


I-beam type support. Thus, shells from 
8 to 48-in. diameter can be handled by 
the same fixture. After welding, the shells 
are taken by conveyor to the next station 
where the heads, bottoms and fittings are 
added. 

With this machine, small lots of various 
diameters can be welded without shutting 
down.the machine to adjust for each size 
of tank. The minimum diameter is deter- 
mined by the size of the I-beam. Shells 
from 14 gage to */i,in. thick can be welded 
in any succession. The machine is set to 
weld at 48 in. per minute and currents 
range from 400 to 550 amp. 


Cast [ron Electrode 


The latest development in the welding of 
cast iron has been announced by Eutectic 
Welding’ Alioys Corp., New York 13, 


Crack in the cast-iron base of this 


40,000-kw. turbine was welded “cold” , 


with the new EutecTrode 24/49 


The new EutecTrode 24/49 has been 
specially developed to produce strong 
bonds and high tensile welds that are 
thoroughly machinable through the weld 
and the weld zone on both gray and alloy 
cast iron, without preheating. 

This new electrode is applied at lowest 
currents to produce true low-heat welds. 
For example, the */;2.-in. electrode welds 
cold cast iron readily at only 80-100 amp. 
It applies quickly and easily on a.c. or d.c. 
with either straight or reverse polarity. 
The welds have the ease of application and 
the smooth, sound appearance of those 


made with mild steel electrodes. The 
burn-off rate is uniform and the flow is 
rapid. The arc area is at all times clearly 
visible with this nonfuming rod. 

It is claimed that the simplified tech- 
nique made possible with the new Eutec- 
Trode 24/49 makes every welder a cast 
iron welding expert, in repairing and 
salvaging anything from a delicate, intri- 
cate small casting, to the broken frames of 
huge presses. 

EutecTrode 24/49 is specially recom- 
mended for the metal are welding of gray 
and alloy cast iron where preheating is im- 
possible or undesirable. Its excellent color 
match and complete machinability makes 
it ideal for cast iron repairs that must be 
finish-machined. It can also be used for 
making minor repairs on malleable cast 
iron, cast steel, nickel alloys and for the 
joining of any of these metals. 


New Saw Melts Steel as It Cuts 
13 Ft. a Minute 

Built to exacting specifications, of 

United States Steel Supply Company engi- 

neers, to give quicker service to warehouse 

customers, the 60-in. blade is operated by 


(Continued on page 104) 


Fig.1 Loading end of the continuous welding mill 
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Fig. 2 


{ chain drive moves the shells at the proper speed 


beneath the welding head 
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SMITHway 
AC WELDERS 


Under most severe operating 
conditions, SMITHway Weld- 
ers stand up under treatment 
that punishes other machines. 
Practically no maintenance is 
ever required. 
cut to a minimum. Heavy-Duty, 
General-Purpose, and Utility 
Models. Send the coupon! 


Power cost is 


January 1949 


SMITHway 


PROVED IN PRODUCTION. 
A. ©. Smith originated modern 
heavy-coated electrodes and mod- 
ern welding techniques. Proof of 
SMITHway Electrodes has been 


Oy 


Made BY Welders...FOR Welders 


Sold by Distributors Everywhere 


Mild Steel Electrode SW-17 is a general-purpose electrode designed 
for welding in all positions, with AC or DC straight-polarity current. SW-17 is 
specially adapted for poor fitup welding. 

SW-17 is exceptionally suited for use where the desired physical properties include 
improved ductility and a higher resistance to impact. Especially recommended for use 
in welding road-building or similar equipment where toughness is required under 
severe operating conditions, and where low temperatures are encountered. 


given repeatedly in their huge 
production record. More than 
320,000 have been used daily in 


A. O. Smith plants. . 
more, by other manufacturers. 


Corporation 


. millions 


New York 17 © Philadelphia 5 ¢ Pittsburgh 19 « Cleveland 4 « Atlanta 3 « Chicago 4 
Tulsa 3 ¢ Midland 5 « Dallas 1 « Houston 2 « Seattle 1 « San Francisco 4 « Los Angeles 14 


A. O. SMITH Corp., Dep?. WJ-149, Milwaukee 1, 


Without obligation, send us 


Free SMITHway Electrode Catalog 


Nome 


City 


Street 


International Division: Milwaukee 1 


SEND FOR Free Electrode Catalog 


Wis. 


Firm 


Bulletins on SMITHway AC Welders 


State 


eee eee 


Improved Ductility Higher 
( 
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SECTION ACTIVITIES 


Birmingham 


J. Lyell Wilson, Director of Research, 
American Bureau of Shipping, was the 
speaker at the regular monthly meeting 
held on November 4th at Hooper's Cafe, 
Birmingham. J. Lyell Wilson has been 
associated with the American Bureau of 
Shipping since 1916. He has been associ- 
ated with welding since its introduction to 
the shipbuilding industry during World 
War I. Mr. Wilson presented an interest- 
ing talk on “Inspection and Quality Con- 
trol of Welded Construction.” 

A social hour and dinner preceded the 
technical meeting. 

The December dinner meeting was held 
on Thursday evening, December 2nd, at 
Hooper's Cafe. 

Fifty-five members and guests attended 
the regular social hour from 6:30 to 7:00. 
Fifty-six were present for the dinner at 
7:00 and the technical session that fol- 
lowed at 8:00 p.m. 

The technical speaker of the evening was 
A. Leslie Pfeil, President of the Universal 
Welder Corp., who spoke on “Resistance 
Welding and Its Jigs and Fixtures.” A 
film, ‘Resistance Welding,”’ was shown in 
conjunction with the talk. Much interest 
was shown in Mr. Pfeil’s talk and many 
questions were asked following the talk 


Boston 


New Developments in the Heliare Proe- 
ess of Welding was the subject presented 
by James R. Craig, Supervisor of Process 
Service for The Linde Air Products Co., at 
the November 8th meeting held in Room 
4-370, M.I.T. In covering the newer de- 
velopments of the process, two important 
aspects comprised the major portion of 
the discussion. One of these is on hard 
facing with a Heliare process and the other 
on Heliare-torch spot welding. Slow mo- 
tion pictures of the are in the inert gas at- 
mosphere were again shown. There were 
also other illustratiens in connection with 
the talk. 

J. G. Magrath, Executive Secretary of 
the A.W.S., was also present and addressed 
the meeting briefly. 

Dinner was served at Walker Memorial 


Bridgeport 


Reguiar monthly dinner meeting was 
held on November 18th at the Candlelite 
Restaurant. R. T. Gillette, Welding En- 
gineer of the General Electric Co., Sche- 
nectady, N. Y., spoke on Resistance Weld- 
ing. A film on the same subject was also 
shown as well as a display of Resistance 
Welded samples. 
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Prepared by C. M. O'Leary 


The attendance was very good and the 
speaker held the attention of the entire 
group. The picture shown was excelleet 
both from an instructive point of view and 
for general interst. 


Chattanooga 


December dinner meeting was held on 
Friday, the 3rd, at the Chattanooga Golf 
and Country Club. Refreshments were 
served before the dinner. ‘“‘Maintenance 
Welding” was the subject presented by C. 
C. Keyser, Welding Engineer, Bethlehem 
Steel Co., Steelton, Pa. Mr. Keyser has 
been with the Bethlehem Steel Co. eleven 
years in the welding field. His talk was 
nontechnical, covering applications of the 
different types of welding in the steel plant 
with special emphasis on application of the 
submerged-are process to maintenance 
work. Slides illustrated the talk and were 
described in an informal manner. 


Chicago 


“Welding of Corrosion and Heat Resist- 
ance Metals’’ was the subject of a paper 
presented by Paul Gordon Parks, Welding 
Engineer, Solar Aireraft Co., Des Moines, 
Iowa, before the Chicago Section at its 
November 19th meeting. Mr. Parks pre- 
sented an interesting discussion of the 
welding of heat corrosion resisting alloy 
with particular reference to their applica- 
tions in the aireraft industry. While 
much of the paper was confined to various 
resistance welding applications in this field, 
are, gas and inert are welding of stainless 
steel, Monel and Inconel were also dis- 
cussed. It was pointed out that the ad- 
vent of jet propelled aircraft and the con- 
tinual demand for greater power from 
super-charged reciprocal engines has cre- 
ated an ever increasing use of high tem- 
perature alloys. 

Prior to the meeting many members of 
the Chicago Section met at Burke's Grille 
and Restaurant for the prior meeting din- 
ner. 


Cincinnati 


A joint dinner meeting of the American 
Society for Metals, the American Foundry- 
men’s Society and the Cincinnati Section 
of the A.W.S. was held en November 11th 
in the Engineering Society Headquarters. 
George P. Stimpson of the Cincinnati 
Times-Star was the dinner speaker. Mr. 
Stimpson presented an interesting talk on 
“Our Cincinnati Weather” which was well 
received. 

Charles W. Briggs, Technical and Re- 
search Director, Steel Founders Society of 


Section Activities 


America, spoke at the technical session o1 
“Cast Weld Construction,”” which was il- 
lustrated with 16-mm. slides. One hun- 
dred and sixteen members and guests were 
present at the technical meeting. Mr 
Briggs’ talk was good, clear cut and of in- 
terest to the executive and engineer. 


Cleveland 


John H. Blankenbuehler, Design En- 
gineer of the Hobart Brothers Co., Troy. 
Ohio, spoke at the November 10th meeting 
held in the Cleveland Engineering Society 
His talk was on ‘‘Power Supply for He- 
liare Welding.” 

Mr. Blankenbuehler has had twenty- 
five years’ experience in designing welding 
equipment, having spent twenty-three 
years at Westinghouse Electric Corp. and 
going from there to Hobart Brothers. 

The Coffee Speaker was Dick Newpher 
Division Manager of The Reliance Elec- 
tric & Engineering Co., who described the 
“1948 Newport News to Bermuda Sailing 
Race.” 

There was an attendance of 100 at the 
meeting 

At the December 8th meeting the tech- 
nical speaker was Leon C. Bibber, Weld- 
ing Engineer at Carnegie-Illinois Stee 
Corp. in Pittsburgh. 

Mr. Bibber spoke on “The Effect of 
Welding and Other Local Heating Proc- 
esses on Residual Stress and Dimensiona) 
Changes in Steel.”” He discussed the 
principles involved in the shrinkage of 
steel as a result of torch cutting, residual! 
stress, warping, distortion and methods of 
correcting the latter. 

J. Frank Maine, Chief Engineer of the 
Republic Structural Iron Works, spoke at 
dinner. Mr. Maine is Past Chairman ef 
the Cleveland Section and takes an active 
part in national affairs. He is also a trav- 
eler of some note in this country and 
showed a great many beautiful colored 
pictures in connection with a travelog on 
an extended tour of the western states. 


Colorade 


November 9th meeting of the Colorado 
Section was held in the Range View Room 
Silver Wing Inn, Denver. Speaker at the 
technical session was Roy O. Schiebel, Jr. 
Mgr., Magnaflux Corp., who spoke on 
“The Importance of Testing Welds.’ 
There was a very fine turnout for a splen- 
did speaker on an interesting subject 


Columbus 


1948 All-Council Meeting with Colum- 
bus Technical Council was held on Friday, 
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November 12th, following dinner at the 
Southern Hotel. 

Principal speaker was Dr. E. U. Condon, 
Director, National Bureau of Standards, 
Washington, D. C. His subject was 
‘Research at the National Bureau of 
Standards.” A very interesting and 
informative talk. 

Opening event at 4 p. m. was a panel 
discussion. Delmar G. Starkey, Execu- 
tive Secretary of the Chamber of Com- 
merce, was the Moderator. Subject of 
the panel discussion was “The Growth 
and Development of Metropolitan Colum- 
bus—Its Technical Aspects.’’ Panel 
members were: A. P. Harness, Philip 
Burgess, Perry Shumaker, Harry Turner. 

A social hour from 5:30 to 6:30 was 
held preceding the dinner in the main 
ballroom. 

Program of meetings for 1949 are as 
follows: 


January 14th—Joint Meeting with 
American Society for Metals. Robert 
Aborn, United States Steel Corp. will 


speak on ‘Metallurgy of Ferrous Weld- 
ing.” 

February 1I1th—Orville T. Barnett, 
Metal & Thermit Corp., will speak on 
‘Electrode Classifications.” 

March 11—Leon C. Bibber, Carnegie- 
Illinois Steel Corp. 

April —O.S.U. Conference. 

May—Tenth Anniversary Night. 


Dayton 


Regular monthly meeting was held on 
Wednesday, November 17th, at the 
Engineers Club. Harold Baldwin, of the 
R. G. LeTourneau Co., talked on “How 
to Fig ire Welding Costs.’ 


Detroit 


Four experts on inert-gas-shielded are 
welding discussed equipment and newly 
leveloped processes in this rapidly growing 
field at the November 12th meeting held 
at The Engineering Society of Detroit 

H. T.*Herbst, Manager, Heliare Divi- 
sion Laboratory, The Linde Air Products 
Co. discussed apparatus and methods for 
the heliare process. 

Regional Manager, De- 
troit Office Federal Communications Com- 
mission, presented latest information on 


Emery Lee, 


radio and television inte rieré nee caused 
by are welding, and R. F. Wyer, Applica- 
tion Engineer, Welding Division, (:eneral 
Electric Co., and W. E. Coules, Equip- 
ment Section, Pittsburgh Works, General 
Electrie Co., 
mn electrical characteristics of inert are 
welding 

The Saginaw Valley Division held its 
regular monthly meeting on Thursday, 
November 11th, at Zehnder’s in Franken- 
muth. The same four 
spoke at the Detroit Section meeting the 
following night were scheduled for this 
meeting 

A movie ‘Microtime,’’ slow-speed pic- 
tures of milling cutters, etc., in operation 
and an animated picture of the action of 
Stainless Steels in Resisting Corrosion, 
were shown through the courtesy of The 
Allegheny Ludlum Steel Corp. 


discussed and showed slides 


speakers who 
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Hartford 


A talk and demonstration on inert-gas- 
shield are welding was made on Thursday, 
November 18th, at a dinner meeting 
held in The Whitlock Mfg. Co. J. R. 
Craig, Engineer for The Linde Air Prod- 
ucts Co., was the speaker. A_ high- 
speed film showing Are characteristics 
was also shown. An attendance of 85 
members and guests enjoved the various 
activities 


Indiana 


Monthly meeting was held in the Delco- 
Remy Plant in Anderson, Ind., Friday, 
November 19th, with a dinner in their 
cafeteria. A very interesting trip was 
taken through two of their nine plants 
An attendance of 75 saw the complete 
manufacture of automotive generators, 
voltage regulators a relays. A_ tech- 
nical session was held after the plant’ tour 
in which C. A. Nichols, Master Mechanic 
for Deleo-Remy, discussed the products 
manufactured along ‘with special proc- 
esses developed in conjunction with their 
manutacture. 

An interesting training film on silver 
brazing was shown by Paul Feld of Handy 
and Harman, with a discussion on silver 
brazing following the film showing. 


Lehigh Valley 


\. N. Kugler, Technical Sales Division, 
Air Reduction Sales Co., was the guest 
speaker at the monthly meeting of the 
Lehigh Valley Section, which was held 
Monday, December 6th, at Fritz Engineer- 
ing Laboratory, Lehigh University, Bethle- 
hem, Pa. C. L. Kreidler, Chairman, 
presided 

Mr. Kugler gave a very interesting talk 
on the “E60XX_ Series Electrodes.” 
He discussed the color code used in making 
electrodes, the meaning of the A.W.S. 
classification and the uses for each type 
Following the talk there 
was a demonstration of the proper tech- 
nique to be used for all the electrodes in 
the E60XX series, under the direction of 
Russell Strate, Air Reduction Sales Co 

\ dinner meeting in Lamberton Hall, 
Lehigh University, preceded the technical 


of electrode 


session 

The following is the program for the 
remainder of the season of the Lehigh 
Valley Section 

All meetings are to be held at the Hotel 
Bethlehem, Bethlehem, Pa., with the 
exception of the February meeting. 

February 7th—Demonstration of the 
General Electric Automatic Welding Head 
at Fritz, Engineering Laboratory, Lehigh 
Univ 

March 7th—‘‘Welding Metallurgy” by 
R. D. Stout, Lehigh University. 

April 4th—‘‘Future Developments in 
Welded Steel Buildings’? by A. Amerikian, 
Navy Dept., Bureau of Yards & Docks. 

May 2—Annual Meeting 


Los Angeles 
Thursday evening, November 18th, the 


Los Angeles Section held its regular 
monthly dinner meeting jointly with the 


Section Activities 


American Society of Metals. The speaker 
was Dr. Samuel L. Hoyt, Technical Ad- 
visor of Battelle Memorial Institute, 
Columbus, Ohio, and author of many 
technical papers and several books on 
metallurgy. Dr. Hoyt spoke from the 
welding engineers viewpoint on the sub- 
jects of “Hardenable Steels and Their 
Welding Functions” and “Notch Sensi- 


tivity Tests.’’ Conclusions presented 
were the result of extensive research 
pregrams. Hardenable steels were dis- 


cussed with respect to cracking sensitivity 
and the mechanism of hydrogen in crack- 
ing. Functions of low hydrogen elec- 
trode and preheating to disperse austenite 
was explained. Notch sensitivity tests 
were discussed with respect to their in- 
dicating plate brittleness. Development 
of notch brittle plate due to chemical 
and physical properties was described. 
In conclusion, Dr. Hoyt 
lightening explanation of the factors in- 
volved in testing notched plates 


gave an en- 


Louisville 


Robert H Bennewitz, Process Service 
Supervisor, Detroit District,’The Linde 
Air Products Co., was guest speaker 
for the November 23rd meeting at the 
Preston Kunz Restaurant. Mr. Benne- 
witz spoke on “High Production Applica- 
tions of the Heliare Process on Mild 
Steel.” 

The speaker explained that the Heliare 
process can be used on almost all metals 
and alloys with but few exceptions. For 
mild steel it is especially applicable where 
a smooth weld finish ‘and freedom from 
distortion are essential. The newly de- 
veloped Heliare spot welder is being used 
in the automotive industry for fusion 
welds on thin sheets without any backing. 

The talk was illustrated with slides 
and in the discussion that followed, 
Mr. Bennewitz ably answered many 
questions from the audience 

The meeting closed with the showing 
of a color and sound movies, “Pigs and 
furnished by the Reynolds 
Metal Co. The film showed the whole 
process of producing aluminum metal 
and many aluminum products 

4 Dutch Lunch was then served 


Progress” 


Maryland 


On November 19th, Harrison Sayre of 
the U. S. Naval Experiment Station was 
the speaker at the meeting of the Mary- 
land Section held in the Engineer's Club, 
Baltimore. Through the use of slides 
and detailed description, Mr. Sayre very 
interestingly diseussed the reasons for 
warpage and distortion, the relationship 
of warpage and distortion to joint design, 
and finally, methods or measures to reduce 
the extent of the warpage or distortion. 
In the discussion period which followed 
the lecture, Mr. Sayre pointed out that it 
was frequently possible to assemble the 
members being fabricated to allow for 
the warpage or distortion that would take 
place thus ending up with a fabricated 
joint of proper shape. . 

The after-dinner entertainment was a 
showing of the interesting and very colorful 
travel pictures titled ‘“Touring Louisiana.” 
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BETWEEN PASSES, I let the work cool, because too much heat 
in any one spot on cast iron sets up thermal stresses which 
may crack the casting . . . 


Suddenly the flange of a cast iron pump broke, 
shutting down a critical supply of water! The pump 
had to be in service again as soon as possible, and 
waiting for a replacement would have been too 


expensive, so the company welder was called in. 


On this rush job, the welder chose Nickel-Arc 
because it would give him speed and a dependable 


weld deposit, and, in his own words: “I wanted 


the repairs to be right the first time.”” Overnight 


For the 


f 

| 

4 

was easy to repair this broken 

cast iron pump with Nickel-Are 

= pecause it welds faster and smoother 

than any other rod I've used. Since 

ne the welding superintendent to buy 

other Alloy Rods electrodes be- 

+: 

cause Nickel-Aré convinced me of 
their 

WALNAZASE® 

- 


ABOUT 4 O'CLOCK I was called in to weld the flange back on 
a cast iron pump which had broken, cutting off one of the 


plant's main water supplies .. . 


THE WORK went fast and smooth, and after I was finished it 
was easy to clean the weld of slag; that’s one of the many 
things I like about Nickel-Arc . . . 


= 


the flange was welded back on the pump body, 
and production was resumed without interruption 


the next morning. 


Welders like Nickel-Arc because it welds fast and 
smooth, with a sound deposit that is easily cleaned 
of slag. Top-notch welders depend on Nickel-Arc, 
as they do on the other types of electrodes made 
by the Alloy Rods Company, to do a welding job 


right the first time. 


7 


FIRST | CLEANED the break, then started to weld. I used Alloy 
Rods 14 inch Nickel-Arc for this work because it was a rush 
job, and I wanted the repairs to be right the first time . . « 


THE PUMP was put right back in service the next day. Nickel- 
Arc had saved both time and money and not a minute of 


production time was lost! 


WELDERS: 


Al Wa 
= 
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— Bll 
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York, Pa. 
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Michiana 


The November meeting of the Michiana 
Section was held en Thursday, the 18th, 
and was favored with a talk on “Flame 
Hardening” by Frank McGuire, District 
Engineer for The Linde Air Products 
Co. Mr. MeGuire’s first comment was 
that he wished to squash any ideas that 
fhe audience might have that flame 
hardening is a cure-all for any and all 
hardening troubles. This production 
method, like all others, is dependent for its 
success upon proper selection of steel and 
of heating and quenching techniques. 
Many people have the mistaken notion 
that vou can flame-harden any steel, but 
he stressed that it must be a carbon 
containing steel, such as SAE 1035 or 
4130, or even some of the higher alloys 
that will harden with an air cool. 

Mr. MeGuire listed four types of flame 
hardening: spot, progressive, spinning 
and combination, where spinning and 
progressive heating are done simul- 
taneously, quenching usually being ac- 
complished by a spray following the torch. 

A number of slides showing machines 
doing these kinds of heating were shown, 
as well as a movie ef a fully automatic 
skin type machine. The degree of 
mechanization of this method of heat 
treatment is quite astounding. 

Dr. Jackson also presented some in- 
teresting charts covering the relationship 
between the size of the weld nugget, 
cooling rate, hardness and toughness. 
Most of the discussion pertained to sub- 
merged are welding, but manual welding 
was also included. 

Dr. Jackson, in addition to presenting 
an interesting technical talk, further 
entertained his audience with a couple 
of sleight-of-hand tricks. He showed 
that he is an expert magician as well as 
a technical expert by seemingly con- 
verting the very solid looking pointer 
which he had used throughout his lecture 
into a green turban by a mere wave of his 
hand. 

Instead of a coffee talk, a film of a 
psychological nature was shown in which 
the unfortunate chain of events resulting 
from uninhibited response to daily irrita- 
tions were presented from a somewhat 
humorous viewpoint. The intent was to 
show that a little kindness and thought- 
fulness will grease the wheels of social 
intercourse. 


Milwaukee 


The November meeting of the Mil- 
waukee Section was held at the Am- 
bassador Hotel on the 19th. Inclement 
weather reduced the dinner attendance to 
somewhat lower than average, but a satis- 
factory group was on hand for the lecture 

The technical talk was presented by 
Dr. C. E. Jackson, Research Metallurgist 
of Union Carbide & Carbon Research 
Laboratories, Ine. Dr. Jackson spoke 
on “The Effect of Welding Technique on 
the Metallurgy of Welding,’ and dis- 
cussed the relationship between voltage, 
current, speed of travel and burn-off rate 
A number of slides were shown in which the 
relationship between current and burn off 
rate for electrodes from '/, in. diameter to 
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7/9 in.; the distance between the electrode 
and plate of the voltage; penetration and 
voltage and speed of travel and penetra- 
tion were shown. A final curve based on a 
mathematical relationship between cur- 
rent, voltage and speed of travel was also 
presented. 


New Jersey 


At the December 21st meeting of the 
New Jersey Section three speakers dis- 
cussed the inert-gas-shielded metal are 
welding process. The speakers were 
Bernard I. Blickman, head of 8S. Blick- 
man, Ine., who discussed the phase of 
welding stainless steel. Newton Blick- 
man cooperated in the preparation of this 
talk. J. Imperati, Welding Engineer for 
the American Brass Co., discussed the 
phase of welding copper base alloys. 
O. H. Kuhlke, Welding Engineer in 
Charge of Welding Research for the 
General American Transportation Co., 
discussed the phase of welding aluminum. 

A motion picture entitled “This Is 
Steel’’ was shown prior to these discussions 

The meeting was held in the Essex 
House, Newark, and was followed by an 
informal gathering, during which re- 
freshments were served and members dis- 
cussed their problems with the many 
experts present. 


New Orleans 


Delta Tank Manufacturing Co., Baton 
Rouge, La., one of the sustaining members 
of the New Orleans Section, put on the 
October meeting of the New Orleans 
Section. Seventy-five members and 
guests were in attendance. Delta Tank 
Manufacturing Co. fabricates pressure 
vessels, utilizing both metallic are and 
automatic welding in this fabrication. 
They have just completed a new, large, 
million-dollar plant to manufacture pro- 
pane and butane eylinders. Their pro- 
duction line is entirely automatic, and 
the cylinders are of two-piece construction 
Unionmelt welded. The Seetion was 
given a tour of their entire plant and full 
explanation of their manufacturing pro- 
cedure from the drawn halves to the 
finished tanks. This plant visitation 
not only proved most interesting but was 
extremely educational. A stag dinner 
meeting was then held in town; and 
J. B. Best, General Superintendent of the 
Delta Tank Manufacturing Co., high- 
lighted the evening by a detailed dis- 
cussion of the operations within the plant 
and production figures on the plant's out- 
put. 


New York 


Harry 3. Swan, Welding Engineer for 
American Locomotive Co., Schenectady, 
N. Y., addressed the November 10th 
meeting of the New York Section. His 
topic was “Welding the Modern Diesel 
Locomotive.’ As welding engineer for 
the Locomotive Division, Mr. Swan has 
played an important part in the develop- 
ment of the Diesel locomotive, first for 
switching service and later on for road 
service. Prior to working on the welded 
diese] locomotive, Mr. Swan had helped 
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develop the welded steam locomotiv: 
boiler. 

Mr. Swan’s talk consisted of slides on 
which he made a running comment 
At his suggestion, members of the audience 
broke in with questions during the show- 
ing of the slides. This practice made ar 
informal and highly informative session 

Mr. Swan described the productior 
methods used at the various plants of his 
company. He showed how the manu- 
facture of Diesel locomotives has beet 
made a production-line operation. He 
explained how the welding method for 
each operation was selected on the basis 
of cost and efficiency. He stressed that 
the design of each welded joint took into 
account the stresses to which the joints 
would be subjected in service, the possibl: 
difficulty of making a satisfactory weld 
and the skill of the operators. Members 
who attended the meeting got a new 
insight into the manufacture of a piece of 
heavy equipment that is growing in use. 

Arrangements for the meeting were ir 
charge of J. L. Cahill of the New York 
Navy Yard, Brooklyn, Program Com- 
mittee Chairman for the Section. The 
Technical Chairman for the meeting was 
Norman Schreiner, Manager, Unionme!l: 
Div., The Linde Air Products Co. 

The following is the program of meeting» 
for the remainder of the season. 

January 20th—Joint Meeting with the 
Society of Automotive Engineers at the 
Hotel Pennsylvania, ‘‘Welding Problems 
Encountered in the Automotive Industry.’ 
Jolm Randall, Welding Engineer, Ford 
Motor Co., Dearborn, Mich. 

February 25th—Joint Meeting with the 
Society of Naval Architects and Marine 
Engineers at the Columbia University 
Club, “Welding in Shipbuilding.” J 
Lyell Wilson, Research Director, Americar 
Bureau of Shipping, New York, N. Y. 

March 16th—Joint Meeting with the 
American Society of Civil Engineers 
“Welded Bridges and Structures.’’ La- 
Motte Grover, Air Reduction Sales Co 
New York, N.Y. 

April 13th-—The Battle of the Section- 

This will be the battle of the century 
New York, New Jersey and other nearby 
Sections of the A.W.S. will participate in s 
real old fashioned quiz. Which section 
has a monopoly on welding knowledge’ 
Representatives of these sections wil 
compete against each other for valuable 
prizes to determine which comes up wit! 
the most correct answers to question: 
submitted by the members. 

May—Annual Social Meeting. Dat: 
to be announced. 

Meetings will be held at the Engineering 
Societies Building, except where otherwis« 
noted. 


Northern New York 


_“Trends in Resistance Welding Her 
and Abroad’’ was the subject presented 
by Dr. P. R. Hensel of P. R. Mallory & 
Co., Indianapolis, at the November 1&t! 
meeting. 


Northwest 


November meeting of the Northwest 
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Section was held on the 9th in the Lodge 
Room of the Covered Wagon, Minnea- 
polis. Subject: Oxyare Cutting. 
Speaker: James E. Norcross, Sales 
Manager of Arcos Corp. A Happy Half 
Hour at 6:00 p.m. was co-sponsored by 
Machinery and Welder Corp. and Arcos 
Corp. Dinner followed at 6:30. Mr 
Norcross is thoroughly familiar with the 
xyare cutting process and its develop- 
ment. His talk was both interesting 
and instructive. 


Vorthwestern Pennsylvania 


The November 22nd meeting was a 
sombination of a plant visit, social hour, 
linner and technical session. The plant 
visit was made to the Interlake Iron 
Corp., Erie, Pa., to see their extensive 
blast furnace and coke oven installation 

Secial hour at the General Electric 
Community Center was held from 6:00 
to 6:30 p.m. Bob Huston of Air Reduc- 
tion Sales was the host. 

Another of Mrs. Moss’ excellent dinners 
was enjoyed at 6:30. 

Technical session started at 8:00 p.m. 
with F. A. Bodenheim, Jr., Sales Engi- 
neering Manager, Federal Machine and 
Welder Co., Warren, Pa., as speaker. 
Mr. Bodenheim spoke on the topic of 
Resistance Welding on which he is well 
qualified to speak. 


Pascagoula 


Wm. Lowe introduced the speaker, J. 
Lyell Wilson of the American Bureau of 
Shipping, New York, at the November 
3rd meeting held at the Pascagoula 
Country Club. Mr. Wilson presented a 
‘lear cut paper of general interest on the 
subject ‘‘Welding Inspection and Quality 
Control.”” New facts and developments 
were brought out in Mr. Wilson’s talk, 
which was illustrated with slides. 

\ special feature preceding the tech- 
nical session was a talk by Mr. Goldman, 
Chairman of the Gulf Coast Section of the 
Society of Naval Architects and Marine 
Engineers. He spoke on organization of 
Society Section and plans for year’s 
activities. 

The December monthly dinner meeting 
vas held on Wednesday, the 3rd, at the 
Pascagoula Country Club. This meeting 
was well attended by men from local 
ndustries and Mobile, Ala 

The meeting was called to order by 
vice-chairman John Howkins, who read a 
message from the chairman R. H. Machy, 
who was attending a joint meeting of 
section chairmen in Birmingham, Ala. 

Technical speaker for the evening was 
Professor Jeremiah T. Morrill, Certified 
Safety Chemist and Engineer of Houston, 
Tex., Slidell and New Orleans, La 
Professor Morrill is the author of a book, 

Certified Chemist, the Ship and the 
Shipyard.” This book has recently had 
the copyright released for publication by 
the Navy Department for its personne! 

Professor Morrill spoke on the history of 
gas elimination, economy of complete 
gas elimination, hazards of welding and 
burning on tanks, oxygen sufficiency, prod- 
icts of combustion and their source of 
‘limination, new tanks and tanks having 
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been in service After this brief address, 
the meeting was turned into a round-table 
discussion with a large number of those 
present giving their views and questions 
to the professor. 


Philadelphia 


November meeting was held on Mon- 
day, the 15th, at the Engineers’ Club 
F. L. Brandt, Asst. Mgr., Thomson Elee- 
tric Welder Co., spoke on the subject, 
‘Low Frequency Converter and the Syn- 
chromatic Flash Welder.” 

4 panel discussion meeting was held 
on Friday, December 3rd, in the Junior 
Room, Engineers’ Club. Chairman was 
K. W. Ostrom of K. Wm.-Ostrom & Co. 
Speaker was W. G. Fetter, Manager, 
Resistance Welding Division, P. R. Mal- 
lory .& Co., Inc., who spoke on “New 
Developments in Resistance Welding 
Electrodes and Alloys.’’ An extra feature 
at 7:45 p.m. was the shewing of a sound 
color film ‘High-Speed Seam Welding of 
Steel Barrels’’ through the courtesy of the 
National Electric Welding Machines Co 

Scheduled of regular monthly meetings 
to be held at Engineers’ Club at 8:00 
p.m. for the remainder of the season is as 
follows: 

January 17th-—-R. M. Ney, Mgegr., 
Industrial Relations, Baldwin Locomotive 
Works, ‘Labor Relations and Wage Rates 
in the Welding Industry.” 

February 21st—Naval Architects Meet- 
ing, R. W. Tuthill, G. E. Co., Engr. 
Dept., Holyoke, Mass., ‘‘Inert-are Weld- 
ing as Applied to Shipbuilding.” 

March 2Iist—Walter Mehl, Welding 
Engineer, Heintz Mfg. Co., to 
Select the Best Welding Process for the 
Job.” 

April 18th—-Harold Baldwin, Engineer, 
R. G. LeTourneau, Ine., ‘‘Welding Pro- 
cedures in Design.” 

May 16th—C. B. Voldrich, Research 
Engr., Battelle Memorial Institute ‘Weld- 
ability of Steels.”’ 

Meeting Dates for Special Activities 
Discussion Groups— February 4th, March 
ith, April Ist and May 6th 


Pittsburgh 


Regular monthly meeting was held on 
Wednesday, November 24th, in the Audi- 
torium of the Mellon Institute of Indus- 
trial Research. George J. Green and 
Donald H. Marlin, Engineering Works 
Division, Dravo Corp., Pittsburgh, were 
the speakers. Their subject was ‘Auto- 
matic Welding as Applied to Structural 
Fabrication.”” Th speakers discussed 
the start (during the war) in submerged 
are welding, the amount of equipment 
secured, experiments 
endeavoring to find sufficient work for the 
equipment, the final accepted work and 
their present-day work which involves a 
variety of odd uses of submerged arc rather 
than the ordinary setting-up of operations 


early tests and 


on repetitive work 

Preceding the above, H. E. Cable, 
District Manager, Lincoln Electrie Co., 
arranged for the showing of their new 
film, ‘‘Designing Machinery for Are 
Welding.”’ This is a sound, color film 
and ties in very closely with the subject 
liscussed 
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Portland 


\ one and one-half hour tour was made 
of the Reynolds Metals plant at Trout- 
dale, Ore., on November 23rd. The tour 
was conducted by W. A. Noels, C. Langlois, 
V. Kneeskern and Harry Wright of the 
Reynolds Co 

Many of the members were greatly 
surprised at the extensive process bauxite 
experiences before becoming aluminum. 

After the tour, coffee and doughnuts 
were served at the cafeteria. 

Refreshments were followed by the 
showing of a colored picture entitled 
‘Pigs in Progress’’ which illustrated min- 
ing, smelting and fabrication of the metal 
into finished products. 

Mr. Bristow, Program Chairman of the 
Portland Section, thanks the members of 
the Reynolds Co. for their time and effort 
put forth in behalf of the Section. 


Rochester 


The November meeting of the Roches- 
ter Section was held at the University of 
Rochester on November 15th. 

R. J. Metzler of Handy & Harman, pre- 
sented an interesting talk on ‘Design 
for Silver Brazing.’”’ He amplified his 
talk with slides and sound movies. 

Also on the program was a movie en- 
titled, ‘Jet Propulsion,’ shown through 
the courtesy of the General Electric Co. 

Nine new members were welcomed by 
Fred Hall, Chairman of the Sectiam. Mr. 
Hall also reminded the members of the 
Educational Program, starting January 
10th. All persons interested in welding 
or design for welding are invited to attend 
this series of six lectures. The presenta- 
tion will be under the direction of William 
J. Conley 


San Francisco 


James A. Kavenaugh, Technical Ad 
visory Service, Revere Copper and Brass 
Inc., Los Angeles, presented a highly 
technical address on ‘‘Welding of Copper 
and Its Alloys” at the November 22nd 
meeting held in the Engineers’ Club. 
A film, “Copper and Its Alloys,”’ was 
shown in conjunction with the talk. 

W. H. Popert presented a report on the 
progress of the Structural Committee. 


Syracuse 


Dinner at the Hiawatha Room, Hotel 
Onondaga, preceded the technical session 
of the December 8th meeting Coffee 
Speaker was Attorney Bernard J. Dono- 
ghue who spoke on the Taft-Hartley Law. 
Technical Chairman was Mr. Harrington. 
Subject of the technical meeting was 

Resistance Welding and the Future 
Responsibilities of the A.W.S.” and was 
presented by George N. Sieger, President 
of the 8.M.S. Corp. and President of the 
A.W.S. Mr. Sieger discussed the ad- 
vances made in this field and gave many 
humorous comments, which all added up 
to one of the best meetings ol the vear 


Toledo 


\ 4-man panel discussed inert arc 
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welding at a recent meeting of the Toledo 
Section held at the Commodore Perry 


Hotel. Sam W. Snell was program chair- 
man. 
Tri-State 


September dinner meeting was held on 
the 30th at the Vendome Hotel, Evans- 
ville, Ind. Mr. Chovinard presented a 
highly technical talk on “Oxyacetylene 
Cutting Machines.” 

October dinner meeting was held on the 
28th in the Vendome Hotel, Evansville, 
Ind. Paul Feld presented an interesting 
talk on “Fundamentals of Silver Brazing.” 
A film was also shown on this subject. 

November dinner meeting was held on 
the 19th in the Vendome Hotel, Evansville. 
E. A. Mallett of Taylor Winfield gave a 
clear cut, interesting talk on Everyday 
Problems of Resistance Welding. 


Washington 


Dinner at O'Donnell’s Restaurant pre- 
ceded the regular monthly meeting held on 
November 30th in the Pepeo Auditorium. 
Van Rensselaer P. Saxe presented a highly 
interesting talk on “Some Welded Building 
Structures,"’ at the technical meeting. 


Western Massachusetts 


November 23rd meeting was held at 
the Sheraton Hotel, Springfield, Mass. 
R. W. Tuthill, General Electric Co., 
Holyoke, Mass., presented two interesting 
subjects: “Are Welding at Work" and 
“Inside of Resistance Welding.”’ 

Following the technical session a sports 
film on the Zale-Graziano Fight was 
shown. 


Western Michigan 


The first dinner meeting of the 1948-49 
season of the Western Michigan Section 
was held on Monday evening, September 
27th, at seven o'clock at Crackels High- 
way Grill, Grandville, Mich. 

A very fine dinner was served to approxi- 
mately 95 members and guests, at which 
time the new officers and members of the 
Executive Committee for the fiseal year 
commencing September 1948 were in- 
troduced. After the introductions were 
over, ashort business meeting was held. 

The speaker for the evening was D. C. 
Smith, Chief Metallurgist, Electrode Divi- 
sion, Harnischfeger Corp. His subject, 
“Electrode Coatings and Their Influence 
on the Properties of Are-Welding Elec- 
trodes,"’ was a highly interesting subject. 


A very thorough and lively discussion 
followed, which dealt principally with the 
effects of low-hydrogen electrode welding, 
with everyone participating, which con- 
cluded a very successful evening. 

The second dinner meeting was held on 
Monday evening, October 18th, at 
Crackels Highway Grill, Grandville. This 
meeting was set ahead one week so as not 
to conflict with the Annual Meeting in 
Philadelphia. Quite a number of the 
members of this Section attended the 
Annual Meeting. 

There were 120 members and guests pres- 
ent to hear Arthur William from Federal 
Machine and Welder Co. speak and show 
slides and moving pictures on resistance 
welding. Questions and discussions were 
encouraged during the meeting. 

Refreshments were contributed by 
three companies from Grand Rapids: 
Purity Cylinder Gas, Welding Gas & 
Supply Co., Inc., and Aladdin Rod & 
Flux Co., which were greatly appreciated 
and enjoyed by all. 


Western New York 


A joint meeting with the Buffalo 
Section, Society of Automotive Engineers 
was held at the Buffalo Trap & Field 
Club, Cheektowago, N. Y., on November 
12th. Eighty members and guests were 
present for the turkey dinner and social 
hour which preceded the technical session. 
Ed Hebeler, Hebeler Welding Co., who 
has long been associated with activities in 
the local section, demonstrated a quick- 
connecting device for are-welding electrode 
holders and cable connections which he 
had developed in his spare time. The 
simplicity and versatility of the device 
amazed all who saw it. 

Approximately 100 additional members 
and guests were on hand to welcome John 
D. Gordon, Vice-President and General 
Manager, Progressive Welder Co., who 
presented the main topic of the evening. 
His informative and complete presenta- 
tion on “Design for Welding’’ was well 
received by all. Mr. Gordon emphasized 
the importance of proper design when 
using resistance welding processes and 
was ably assisted by Mr. Stanley in pre- 
senting solutions to many problems which 
have been encountered in the automotive 
industry, wherein improved design has 
greatly increased efficiency in production. 
Many who attended were gratified to 
learn of the new booklet which is to be 
published by his company. This booklet 


will enable management as well as the 
design and production engineering sections 
of any organization to understand more 
fully the efficient use of the equipment 
available. 


Worcester 


John Lang, Welding Engineer and As- 
sistant Superintendent of Lukenweld Divi- 
sion, Lukens Steel Co., Coatesville, Pa., 
spoke before members of the Worcester 
(Mass.) Section at their meeting on 
Monday evening, November 29th, at the 
Sheraton Hotel. 

Mr. Lang discussed the general subject, 
“The Manufacture of Welded Machinery,” 
illustrating his talk with examples of 
papermaking, earthmoving, power gener- 
ating and other industrial equipment which 
Lukenweld has fabricated. 


Canadian 


The second meeting of the 1948-49 
season o| the Montreal Chapter of the 
Canadian, Welding Society was held on 
Monday, November 15th, in the Queen's 
Hotel, Spanish Room. “Welding Applica- 
tions in a Structural Plant’’ was the sub- 
ject presented by Gordon Cape, Division 
Welding Engineer, Methods and Research 
Dept., Dominion Bridge Co. 

The third meeting of the 1948—49 series 
of the Kitchener-Waterloo Chapter was 
held on Wednesday, December Ist at 
Massey Hall, Ontario Agricultural Col- 
lege. ‘‘Welding Metallurgy” was the 
subject presented by Dr. G. E. Willey, 
Chief Metallurgist, Algoma Steel Corp. 
Ltd., Sault Ste. Marie, Ont 

Monday, December 6th, was the meet- 
ing day for the Toronto Chapter at Mal- 
loneys Art Gallery. John D. Tebben, 
Vice-President, S.M.S8. Corp., Detroit, 
Mich., spoke on “Some Factors to Be 
Considered in the Selection of Resistance 
Welding Electrode Material.” 

Meeting dates for the Toronto Chapter 
for the remainder of the season are: 

February 7th—‘Field Welding of Pres- 
sure Vessels,” Lyle Meredith, Chief 
Construction Engr., M. W. Kellogg Co. 

March 7th—Film Night. 

April 4th—‘‘Welding Construction in 
Canada,” D. Boyd, J. Inglis Co., Toronto. 


May 2nd—‘“Stump the Expert's 
Night.” 
The third meeting of the 1948-49 


series of the Hamilton Chapter was held 
on Tuesday, December 7th, at McMaster 
University. John D. Tebben, Vice-Presi- 
dent, S.M.S. Corp., Detroit, Mich., 
spoke on “Some Factors to Be Con- 
sidered in the Selection of Resistance 
Welding Electrode Material.” 

The third meeting of the 1948-49 season 
of the Niagara District Chapter was held 
on Wednesday, December 8th, at St. 
Catharines Collegiate. W. A. Duncan, 
Sales Manager, Dominion Oxygen Co. 
Ltd., Toronto, Ont., spoke on ‘‘A Quarter 
of a Century of Progress in Welding.” 


Section Activities 
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CURRENT WELDING PATENTS 


INDICATING Device 
ror We.Lpinc Systems—Hans Klem- 
perer, Belmont, Mass., assignor to 


Raytheon Mfg. Co., Newton, Mass., a 

‘orporation of Delaware. 

This welding system includes a resist- 
ance welding load device having a circuit 
‘or supplying welding current impulses to 
the load device. A controlled ignition 
lischarge tube is in the circuit as are 
ueans for igniting the tube to supply im- 
oulses to the load device. An inductance 
s also present and has a rectified discharge 
tube in circuit in shunt therewith, which 
tube conducts current upon reversal of the 
voltage across the inductance. Signal 
wenerating means are connected individu- 
ally to each of the tube circuits. 


2,452,070—Resistance Wewpinc Fore- 

ING PressuRE Controt—Lloyd Daniel 

Runkle, Gloucester, Mass., assignor to 

Raytheon Mfg. Co., Newton, Mass., a 

corporation of Delaware. 

The patented control system relates to a 
~ontrol for the forging pressure applied to 
the work in resistance spot welding. The 
ontrol includes means responsive to the 
‘flow of a welding impulse to the work for 
onfrolling a high voltage current im- 
pulse to a solenoid which controls a pres- 
sure control device. A low voltage hold- 
ng circuit is connected to the solenoid 
after the high voltage current impulse and 
other means return the pressure control 
levice to its normal position after a time 
interval in which the solenoid is de-ener- 
gized. 


ELectrope HoL_pER 
John L. King, Detroit, Mich., as- 
signor to Miracle Lubricating Co., 

Detroit, Mich., a corporation of Michi- 

gan. 

King’s electrode holder has a pair of 
members mounting electrode holding jaws 
at their forward ends. Two cams are as- 
sociated with the members for controlling 
their positions. 


Pressure 

Routt AssemBiy ror Evectric WeLp 

Fuse Mitts—Carl J. Honen, Youngs- 

town, Ohio, assignor to The McKay 

Machine Co., Youngstown, Ohio, a 

corporation of Ohio. 

This patent covers a continuous butt- 
weld tube mill wherein a plurality of rolls 
are provided for applying compressive 
pressure to the tube on opposite sides of a 
welded cleft therein. 


APPARATUS 
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prepared by V.. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


rok WELDING UTILIZING ENERGY SToR- 

aGeE Apparatus—Fred H. Johnson, 

Pleasant Ridge, and Chester F. Leath- 

ers, Detroit, Mich., said Leathers as- 

signor to Progressive Welder Co., De- 
troit, Mich., a corporation of Michigan. 

Johnson's direct current welder includes 
electrode conductors which are free of 
electrical inductance except for the in- 
herent self-inductance thereof. Substan- 
tially noninductive circuit controlling 
means control flow of current through the 
circuit and have three operative condi- 
tions for varying the flow of welding cur- 
rent through the circuit. Predetermined 
time intervals can be set up to regulate 
the position of the controlling means with 
all of the inductive stored energy in the 
circuit being dissipated prior to the 
interruption of any current flow in the 
circuit. 
2,452,574—Metnop or WeLpiInc Seam 

Portions oF EvectricaLLy Conpuct- 

inc ArtTicLes—Lyman L. Jones, Seat- 

tle, Wash., assignor to American Can 

Co., New York, N. Y., a corporation of 

New Jersey. 

This patent relates to the welding of 
seam portions of electrically conducting 
articles and has the seam portions of the 
articles positioned in opposed relation. 
An electric welding current passes from 
the seam portions of one of the articles 
directly to the seam portions of the other, 
to weld such seam portions and produce 
two separate and independently welded 
articles. 
2,452,718—Currinc Torcn Hoitper— 

James Henry Blythe, Denver, Colo. 

In this patent a special guiding attach- 
ment for a cutting torch holder is dis- 
closed. 


CoMPOSITION OF MATTER FOR 
Seauinc Srot-Weipep Jomnts—Paul 
Sussenbach, St. Louis, Mo., assignor 
to The Presstite Engineering Co., St. 
Louis, Mo., a corporation of Missouri. 


2,452,805 


The composition covered in this patent 
comprises cellulose nitrate, a fugitive 
solvent mixture, a major portion of éastor 
oil and a small portion of carbon black, 
having aluminum flakes dispersed there- 
through. 


2,452,876— Rop ELectRoDE 
Shaw, Bessacarr, Don- 
caster, England. 

Shaw’s electrode holder has a tubular 
body with a weld rod receiving head hav- 
ing a guide-way therein. Separately re- 


Absi- acts of Current Welding Patents 


newable insulating cover members are 
provided for the rod receiving head. 


BRAZING AND 


2,452,995— SoLpDERING, 
Cinamon, 


Fiuxes—Lionel 

New York, N.Y. 

This special flux includes boric acid 
and an alkali fluorine compound. The 
flux also has an acid of pentavalent phos- 
phorus and an alkali metal salt thereof in it 
to impart a limited range of phosphorus 
content to the flux. 


2,453,244—E.ecrrope Grip anp HOLDER 

—Ivan M. Matson, Los Angeles, 

Calif. 

The electrode holder disclosed by this 
patent has a channel-shaped jaw and an 
inverted channel-shaped jaw associated 
with a handle member. 


ELecrrove HoLpER 
Ernest W. Huebner, Detroit, Mich., 
assignor to Weiger Weed & Co., Detroit, 

Mich. 

Huebner’s holder is tubular and has a 
socket at one end for frictionally retaining 
an electrode tip. A fluid transmitting 
circuit is formed in the holder and special 
tubes are received therein for forming the 
desired fluid circuit. 


Line Switcs 
Jake D. Burns, Richmond, Calif. 
A self-winding reel for electrede cables 
is covered by this patent. 


2,453,438 —ELectric WeLpIno APPARA- 
tus—William S. Horth, Cleveland 
Heights, Ohio. 

Horth’s patent relates to a conversion 
unit for changing a spot-welding machine 
into a seam-welding machine and includes 
bearing blocks that are detachably con- 
nected to the upper and lower spot-weld- 
ing arms of a conventional machine. A 
shaft is journaled in each of the blocks and 
has a welding wheel secured thereto while 
flexible drive means are secured to and 
extend between the shafts. Drive means 
are provided for the shafts. 


2,453,576—Srpot Tester—Fraser 

B. Jacob, Lynn, Mass., Assignor to The 

Electroloy Co., Inc., Bridgeport, Conn., 

a corporation of Connecticut. 

This spot-weld tester relates to a meas- 
uring head for a spot-weld coupon testing 
device and has resilient restraining means 
for transmitting movement from a grip- 
ping head to the restraining means. An- 
other element indicates the deflection of a 
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restraining means while another device 


retains a reading of the indicating means 
2,453,648 -ELecrrope -Henry 

J. Wagner, Jackson, Mo. 

Wagner's holder includes a main jaw 
and a secondary jaw that are secured on a 
tubular handle with an operating element 
being provided for moving the secondary 
jaw assembly with relation to the main 
jaw assembly 


2,453,768 ELectrrope HoLper 
-Wayne Tinnell, Cincinnati, Ohio 

The electrode holder of this patent has « 

metallic tubular cage with a transversely 


bored clamp shaft associated therewith 
and having an insulating material cover 
secured to a projecting end of such shaft. 


2,453,950—Hendrin Jan van den Berge 
and Hendrik Peter Hubee, Eindhoven, 
Netherlands, assignors to Hartford 
National Bank & Trust Co., Hartford, 
Conn., as trustee 
The device of this patent is for touch 
welding and includes two holders for weld- 
ing rods which are positioned thereby in 
parallel relationship. A common mount- 
ing is provided for the two holders and 
permits longitudinal movement of the 
holders whereby the mounting device can 


be moved to bring either of the two holders 
in a given position with regards to a work 
piece. 


A} 
PARATUS AND JIG THEREFOR— Winfred 
N. Lureott, Elizabeth, N. J., assignor t« 
L. J. Wing Mfg. Co., New York, N. Y 
a corporation of New York 


The apparatus of this patent includes 
an electrode which is movable toward 
first object to which a second object car- 
ried by the welded 
Special jaw means secure the objects to be 
welded together to the electrodes, 


electrode is to be 
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(Continued from page 92) 


remote electrical control and was designed 
to make square, burrless cuts across heavy 
steel sections, such as structural shapes. 
Its teeth whirr faster than 320 miles an 
hour at its normal speed of 1750 revolu- 
tions a minute. When the blade makes 
contact with hard, tough steel, friction 
generates more rapidly than the material 
ean absorb it. The intense heat melts the 
surface and the teeth carry it away. A 
transparent plastic shield assures perfect 
safety for the operator as the sparks fly 
fast. This is the first of several high-speed 
frietion saws to be installed at warehouses 
of this United States Steel Corp. subsidiary 
and is considered the most modern in the 
steel industry. 


Hard-Surfacing Powder 


An improved hard-surfacing powder, 
called Surfaceweld A, has been made 


available by The Lincoln Eleetrie Co. of 
Cleveland, Ohio. The powder, to be ap- 
plied with a carbon electrode, is used for 
depositing a thin chromium carbide type 
of hard surface that is highly resistant to 
abrasive wear and corrosion. 

The operating characteristics of Surface- 
weld A give it a wide field of application. 
One of its outstanding characteristics is its 
ability to be used with an a.-c. are with a 
single carbon electrode. It may also be 
applied with a twin carbon are or may be 
used with d.-c., carbon electrode negative. 

Surfaceweld A is designed for surfacing 
applications where the use of hard-surfac- 
ing electrodes is not always practical: 


a) Thin work 
(b) Thin deposits 


c) For use with small a.-c. welders 


It is also used in preference to hard-sur- 
facing electrodes for certain conditions of 
severe abrasion. The powder forms a 
paste when mixed with water which ad- 
heres to flat and curve surfaces. 


Black and White 


NET MONTHLY ADVERTISING RATES 
Effective July 11, 1947 


How to 


The hardness of the smooth dense de- 
posit of Surfaceweld A is approximately 
54-61 Rockwell C for one layer and 57-63 
for multiple layers. Hardness depends 
somewhat on the amount of admixture 
The deposit develops full hardness in the 
as-deposited condition; maintains hard- 
ness and resists scaling at elevated tem- 
peratures. Corrosion resistance is com- 
parable to that of stainless steel 


The advantages of the powder form of 
hard surfacing may put to good use on 
such jobs as maintaining the cutting edge 
of mixing blades, drill bits, surfacing au- 
gurs, dipper teeth, bucket lips, forming 
dies, cement block formers, scraper 
blades, cableway drums; it is also excel- 
lent for withstanding the abrasive action 
of the earth on tools such as hoes, shovels, 
garden tools; farm implements such as 
disk plows, plow share points, bean knives 
and corn cutters 


Surfaceweld A is available packed in 


convenient one-pound cans. 


and Oxides from Aluminum 


Agency 


10% Extra for bleed full pages. Color $65 extra per color added 
Commission —15% 
Cash Discount — 2%, 10 days 


LARGE STOCK 


TIP CLEANING DRILLS 
Mounted in Knurled 
BRASS Handles 


PROMPT DELIVERY 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 1546, Santa Fe, N. M. 


Thames St., 


Space One Three Six Twelve 
Insertion | Insertions | Insertions | Insertions 
“Full page $185 $165 $150 | $140 Remove Smut 
Two-thirds page 130 120 110 100 
Half Page 105 95 85 80 
Quarter Page 60 58 55 50 
Eighth Page 40 35 30 28 
*Inside Preferred 205 185 170 160 


Removing smut and corrosion products from surfaces 
of non-alclad and copper-bearing aluminum alloys can 
be accomplished at significant savings when you use 
—— Oakite Compound No. 34. 


A scientifically blended acidic material, 
pound No. 34 points the way to lower costs in handling 
these and similar cleaning operations. 
demonstration, arranged at your convenience, will 
quickly establish these facts. 
for the name of your nearby Oakite Technical Service 
Representative or write to Oakite Products Inc., 
New York 6, N. Y. 


Oakite Com- 
An actual 
Check your ‘phone book 


18 E. 


OAKITE 


INDUSTRIAL CLEANING MATERIALS + METHODS - SERVICE 


New Products 


Technical Service Representatives Located in 
Principal Cites of United States and Canada 
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WELDING RESEARCH COUNCIL 


of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to The Welding Journal, January 19.149 


Notch Sensitivity of Welded Steel Plate 


® This paper contains additional observations on 
the properties of various compositions of steel plates 
as affected by welding conditions and treatments 


by R. D. Stout and L. J. McGeady 


INTRODUCTION T, PLATE THICKNESS = 


HIS paper is a report of additional D. NOTCH DEPTH = 0.080" 


investigations carried out at Lehigh R. NOTCH RADIUS = 1 MM | 
University on the properties of steel 
plates as affected by welding, mechanical 


Prous. 
treatment, and heat treatment. It is, 


therefore, a continuation of work reported 
previously.'~ * 

The phases considered in the present 
work included the following: 


1. The origin of erack formation as 
affected by steel composition, 
welding conditions and postheat- 
ing. 

2. Effect of normalizing temperature 


on prime plate and on subse Fig. 1. Longitudinal bend specimen 
quently welded plate. 

3. A study of the factors affecting the 4 Further consideration of the signifi- The specimen shown in Fig. 1, the 
ductility and fracture transition cance of ductility vs. mode of longitudinal notch-bend test, has been 
temperatures. fracture as criteria of the transi- used as the testing method and has been 

R. D. Stout and L. J. McGeady are connected tional behavior of — structura! described previously.! 
with the Metallurgy Department, Lehigh Uni 
versity, Bethlehem, Pa. steels. 


Table 1—Effect of Steel and Welding Conditions on Cracking Tendency; Longitudinal Notch Bend Tests with 
Increment Bend Angles 
Transition tempera- 


Angle of first ture at 1% lateral 
Test series Steel Welding condition* Special treatment crack, deg. Locus contraction, ° F.¢ 
1 KA Prime plate 10 —60 
2 KA E6010, 175A, 15 in./min 3 Coarse grains 60 
3 KA E6010, 175A, 6 in./min. 5 Coarse grains 0 
4 KA £6010, 175A, 15 in./min. Postheat 1200° F 5 Coarse grains —50 
5 KA £6010, 175A, 15 in./min. Notched below coarse grains 3 Intercritical structure 60 
6 U £6010, 175A, 10 in./min. 9 Weld metal —25 
7 BC E6010, 175A, 10 in./min. iC Weld metal —50 


* All welds were deposited by an automatic head at 28 v., reverse polarity 
t See text for explanation of ‘1° lateral contraction” under “Effects of Normalizing.” 
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Table 2—Characteristics of the Steels in the Testing Program 


Steel McQuaid-Ehn 
code Deoxidizing practice grain size Cc Mn Si P 
U Al-killed 8 0.16 0.54 0.20 0.012 
H Rimmed 3 0.2 0.36 P 0.016 
BL Semikilled + Al in mold 5-7 0.15 0.47 0.09 0.014 
BH Semikilled 24 0.18 0.50 0.08 0.014 
BC Semikilled 24 0.18 0.73 0.06 0.013 
BF Semikilled + Al in mold 5-7 0.18 0.73 0.06 0.013 
KA 
KBl Si-killed 0.2 066 0.19 0.020 
KC) 
YC Semikilled 0.2 0.49 0.05 0.015 
WB Rimmed 0.21 0.36 0.01 0.016 
PH Killed 0.23 1.60 0.23 0.017 
AA Killed 0.20 1.44 O33 0.016 
OB Killed 0.19 1.39 Ol 0.023 
NB Killed 0.15 1.10 0.23 0.026 
DC Killed 0.14 1.29 0.29 0.023 
MC Killed 0.14 #+1.29 0.029 
LA Killed 0.13 1.24 O27 0.016 
*ADDITIONAL DATA 
Nitrogen 
Steel code Wet method Vacuum fusion 
BC 0.0045 0.0025 
BF 0.0053 0.0024 
BL 0.0044 0.0027 


0.0023 


Plate 
thickness, 

Cr Ni Other in. 
0.02 0.04 0.06Cu 

0.04 0.15 0.19 Cu +/, 
5 

hy 

. 3 

0.04 0.07 0.06Cu 
1 

0.01 0.01 

0.19 0.21 0.013 Ti 
0.20 0.15 0.010 Ti 1 

0.07 0.10 0.012 Ti 7/y 
0.029 Ti l 

0.05 0.06 0.014 Ti 1 
0.015 Ti 1 

0.09 O.15 0.009 Ti 1 


—Aluminum— 
Total 
0.008 
0.043 
0.028 
0.003 


ALO, 
0.002 
0.005 
0.004 
0.002 


EXPERIMENTAL RESULTS 
Origin of Cracking 


In an earlier report? it was shown that 
the first crack formed during the bending of 
a welded longitudinal bend test initiated in 
the grain boundary material of the coarse 
grains in the weld heated zone. The 
initial crack became visible in cross sec- 
tions examined under the microscope after 
low angles of bending. For example, a 
erack was found in a welded */.-in. 0.25% 
C steel plate (Steel KB in Table 2) which 
had been bent only 1'/,°, although in dup- 
licate specimens failure as indicated by a 
dropping of the load did not occur until 
7° of bending. It was decided to investi- 
gate whether any relation existed between 
the angle at which cracking started and 
the transition temperature for several 
steels, welding conditions and postheat. 

The technique used to detect cracking 
was the same as that developed previously. 
A series of duplicate specimens were given 
increments of bending from 1° to failure 
Each notch area was then sectioned and 
polished on a plane parallel to the plate 
surface and at a depth just barely below 
the root of the notch. The lowest angle of 
bend at which a crack could be observed 
in the polished area was then taken as the 
angle of initial cracking. In all cases the 
temperature at which bending was carried 
out was chosen so that cleavage failure 
would have resulted if the bending had 
been carried to completion. Two series of 
specimens, prime KA plate, and welded 
KA plate, were also bent at a temperature 
known to produce shear failure. No 
change in the angle at which the first crack 
formed was observed at this higher tem- 
perature. 

In Table 1 are listed the steels tested, 
welding condition, if any, and any other 


special treatments, together with the 
angle of first cracking and the ductility 
transition temperature. Welding is found 
to encourage cracking in KA steel, as it is 
to be expected. (Compare Test 1 with tests 
2and 3.) Higher heat input or postheating 
reduces the cracking tendency (Test 2 vs. 
test 3or 4). If the notch is cut deeper so 
as to cut through and eliminate the coarse. 
grains of the heated zone, the crack still 
forms at 3°, asin Test 5. This agrees with 
previous tests in which it was shown that 
weld zone structures, formed by heating 
within the critical range, were just as brittle 
as the coarse, overheated grains. If lower 
carbon plates are welded and tested, as in 


tests 6 and 7, the crack is found to form ip 
the weld metal instead of the parent 
metal. Apparently here the weld metal 
is the least ductile material present 

In all of these tests a rough correlation 
between the angle of first cracking and the 
ductility transition temperature can be 
noted. 


Effects of Normalizing 


One of the objectives of this investi- 
gation has been to find ways of improving 
the response of structural steels to welding 
While more elaborate heat treatments, 
such as quenching and tempering prior to 
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Fig. 2. Effect of normalizing 25% C, '/: -in. plate 
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Effect of normalizing before welding (Air cooling from 1200 and 1400° F. 


does not constitute normalizing) 


welding, were shown to be effective,? nor- 
malizing is the most practicable source of 
improvement. 

It was decided that the optimum tem- 
perature of normalizing should be deter- 
mined for prime plate and for susequently 
welded plate on the 
transition temperature and 


basis of fracture 


basis of ductility 
also on the 
transition temperature, 
since it was by no means certain that they 
would agree on this point. KA steel was 
normalized in specimen size at a series of 
temperatures and then tested 
welding and with welding. In Figs. 2 and 
3 the behavior of the steel in these tests is 


without 


shown. The mode of fracture is given in 
terms of the percentage of shear failure 
observed on the fractured cross sections. 
The ductility was measured by observing 
the width of the specimen at a point '/.» in 
below the notch, before and after testing, 
according to the method of Kinzel.4 The 
inward movement of the notch extremities 
is called lateral contraction and is ex- 
pressed in per cent. 

The fracture transition temperature is 
defined here as the temperature at which 


the fracture is 50° shear type. The 
juctility transition temperature is defined 
as the temperature at which the 
ontraction is 1% 

In Fig. 2 the unwelded plate is shown to 


strongly to 


lateral 


respond normalizing. The 
fracture transition temperatures are spread 
rer a range of 120° F. Normalizing 
at 1600°F is decidedly the best treatment 
The detrimental effects of excessively high 
or low temperatures are evident from the 
2100 and the 1400° F. The low 


values obtained after heating to 1200° F 


curves. 


are not easily explained, unless an aging 
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Stout, 


McGeady 


The ductility values 
affected by normaliz- 


effect is responsible 


are also noticeably 


ing, but there is more scatter present 
among the points. Here again, however, 
1600° F. appears as the best normalizing 


temperature. 
In Fig. 3 the 


prior to welding is shown. 


influence of normalizing 
The fracture 
transition curves appear at virtually the 
same positions in the graph as they did for 
the unwelded plate of Fig. 2. This is in 
keeping with the fact that welding does 
not appear to alter the fracture transition 
markedly.? The 


transition curves in Fig. 3 


temperature ductility 
show a strong 
tendency to coincide in temperature with 
This fact will 
be discussed further in a later section. 


the fracture transitions. 

These tests show that normalizing can 
have a potent effect on the transition tem- 
perature of the steel, whether welding 
follows or not. The use of normalizing 
proper temperature to improve 
notch sensitivity is therefore a very practi- 
weldability of a 
It is possible that similar benefits 


from the 
cal way to increase the 
steel 
might be obtained, at least in lighter gages, 
by controlling finishing temperatures on 
the mill 


Relative Behavior of Ductility and 
Fracture Transition Temperatures 


It was previously noted that the opera- 
tion of welding raises the ductility transi- 


tion temperature considerably but has 
little influence on the fracture transition 
temperature. It may be of some value to 


assemble the data which have been ob- 
tained on the slow-notch bend test to show 


the effects of certain variables on these two 
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transition temperature of unwelded 
plate 


Included among these 
variables are the following: (1) carbon 
content, (2) deoxidation practice, (3) 
plate thickness, (4) normalizing, (5) 
welding and postheating and (6) straining 
and aging 


transition criteria 


Carbon Content 


Examination of a large number of heats 
of steel has revealed that of all the alloying 
elements carbon is by far the most influen- 
tial on transition temperature. In Fig. 4 
the fracture temperature is 
plotted versus carbon centent and in Fig. 
5 the ductility 
versus 


transition 
transition temperature 
as determined in 
as-rolled plates. These points, the letters 
of which refer to the steel codes in Table 2, 
represent a mixture of rimmed, semikilled 
and killed heats and also carbon and alloy 
heats. Both ductility and fracture tran- 
sitions follow carbon content, although the 


carbon content, 


| 
2100 
| 
: 


Fig. 6. Effect of deoxidation practice 
on transition temperatures 


ductility transition is more subject to 
scatter. 


Deoxidation 


Two rimmed heats (WB and H), one 
semikilled (YC), and a silicon-killed heat 
(KB)—all of about 0.25% C—were avail- 
able for comparison. The fracture tran- 
sition temperatures and ductility tran- 
sition temperatures for these steels are 
given in Fig. 6. The fracture transitions 
are definitely better in the killed steel. 
The ductility transitions do not show this 
trend. 

The influence of the rim and core of a 
rammed heat on its ductility behavior was 
given additional study. H steel ro'led to 
5/, in. was planed on one side to '/.-in. 
thickness. In addition to unwelded speci- 
mens, samples were prepared with weld 
beads placed on the untouched rim side in 
one series of plates, and on the exposed 
core side in a second series. In Fig. 7 the 
notch-bend test ductility values are shown 
for both series. The core is lower in 
ductility and higher in ductility transition 
temperature than the rim in both un- 
welded and welded tests. The fracture 
transition temperatures, however, were 
identical, 135° F. Thus, the ductility of a 
rimmed steel tested in bending is likely to 
be quite good, while at the same time, its 
fracture characteristics will likely be 
relatively poor. 


Plate Thickness 


Several steels were available in more 
than one rolled plate thickness. Steels U 
and K (KA, KB, KC) were tested in 
multiple thicknesses. In Fig. 8 are shown 
the fracture characteristics of the different 
thicknesses, and in Fig. 9, the ductility 
transition temperatures, 

The fracture transition temperature is 
raised with increasing plate thicknesses, 
The ductility transition is not consistently 


affected by increasing thickness. It is 
known that thickness can operate in two 
ways to produce its effect on the fracture. 
First, the amount of reduction, finishing 
temperature and cooling rate introduce 
metallurgical differences among the vari- 
ous thicknesses. Second, the geometry of 
the test specimen, and, with it, the con- 
straint, alter the conditions of testing. 
Of the two, the metallurgical effect is 
usually more pronounced. In order to 


show this, KC was machined to '/.- and 
3/.-in. thickness before testing. Results 
are presented-in Figs. 10 and Il. The 
fracture transition varied only slightly 
with thickness, and the ductility was 
actually lower in the '/,-in. specimens than 
in the l-in. specimens. This effect may be 
due to the constant notch depth and its 
changing relation to the total test thick- 
ness 

Additional specimens of U and KA, KB 
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Fig. 9%. 
from same heats. 


1650° F 
structure. 


KC were normalized 1 hr. at 
to alter the metallurgical 
Figures 8 and 9 show that considerable 
improvement was obtained by normaliz- 
ing, and the effect of thickness 
noticeably reduced. 


was 


Normalizing 


The influence of normalizing on notch 
sensitivity has already been presented in 
Figs. 2, 3, 8 and 9 additional 
steels were normalized 1 hr. at 1650° F. to 
learn if normalizing provides consistent 


Some 


BAR HEIGHT INDICATES TRANS. TEMP 


TEMP BELOW -i00°F 
BY EXTRAPOLATION 


REC'V'D ALIZED 
J6%C PLATE 


Tested in as-rolled thickness 


improvement. In Fig. 12, all of the steels 
are shown to be benefited by the treat- 
ment. The carbon content continues to 
exercise a strong controlling influence on 
the fracture transition after normalizing 


Welding 


The ductility and 
fracture as criteria of transitional behavior 


contrast between 
becomes most striking when unwelded and 
welded plates are compared. Figures 2 
and 3 illustrated this fact as did a series 
of tests reported previously. A table 
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Effect of specimen thickness 
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Fig. 10. 
on fracture transition 


from the previous report is reproduced in 
Table 3 for convenience. It is these data, 
as well as results on postheating presented 
just below, that have prompted the dis- 
cussion of ductility and fracture to be 


found in a following section. 


Postheating 


The use of postheating at 1200° F. to 
avoid reduced properties in the weldment 
is so well established that one would not 
think to question its value Yet if one 


examines the data contained in Figs. 13, 
14 and 15, in which the fracture transitions 
of as-welded plates are compared to those 
of welded and postheated plates of KA, 
H and BF steels, it is found that the 
fracture transition temperature has actu- 
ally risen after postheating. 


On the other 
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Table 3—Transition Temperatures of Prime Plates and Welded Plates by 
Lehigh Longitudinal Notch Bend Test 


Bend A ngle Criterion, Fracture Criterion, 
PF. 
Prime Plate Welded Prime Plate Welded 
0.21 C rimmed, normal —65 50 120 140 
0.21 C rimmed, as-rolled —50 10 160 175 
0.15 C semikilled, as-rolled —70 0 —20 10 
0.15 C semikilled, normal —90 30 —25 (?) 40 
0.25 C semikilled, as-rolled —20 150 130 150 
0.18 killed, as-rolled -75 40 50 ‘ 45 
0.18 killed, normal -15 55 50 50 
0.14 C Mn-Ti, as-rolled —95 55 0 50 
0.15 C Mn-Ti, as-rolled —60 80 100 85 
0.23 C Mn-Ti, as-rolled —10 105 100 110 
Nore: All welds were deposited with */,.-in. E6010 at 175 amp. and 10 in./min. travel 
speed. All plates were */, in. thick. The bend angle transition temperature was selected 


as that temperature where the bend angle had fallen to 10° at maximum load. The frac- 
ture transition temperature was determined by the appearance of 50% cleavage failure in 


the cross section. 


hand, these figures show that the ductility 
transition of these same steels is lowered 
50 to 100° F. by postheating. Which 
effect is really significant? 


Straining and Aging 


A few tests were run on KA steel to 
observe the changes in fracture and duc- 
tility transition temperatures brought 
about by straining and aging. Specimens 
were strained by bending them 20° in the 
test jig and then restraightening them 
before locating the notch at the locus of 
bending. The notch was placed on the 


side of the plate originally bent in tension. , 


Tests were conducted on plates aged one 
week at 75° F., on another series heated 
4 hrs. at 400° F., and on a third series 
heated 1 hr. at 1200° F. 

In Fig. 16 the fracture transition is 
found to be raised by the strain-aging, 
most of all after heating to 1200° F. In 


Fig. 17, the ductility transition is raised 
strongly by straining and aging at 75 and 
400° F. but is virtually restored to that of 
prime plate by the 1200° F. treatment. 

The behavior of the fracture transition 
after heating to 1200° F. must be dis- 
counted, since the same phenomenon 
appeared in unstrained plate given this 
treatment. See Fig. 2 to confirm this 


Ductility vs. Fracture as Transition 
Criterion 


In numerous parts of this report, the 
contrast of results obtained from the use of 
ductility measurements and of fracture 
observations has been drawn repeatedly. 
Since they so often are in disagreement, it 
is pertinent to consider which of them may 
be more significant to the service prop- 
erties of steel. This will be done not with 
the hope of reaching an answer, but 
rather with the intention and hope of 


provoking further thought on the subject 

Recently a large number of investiga- 
tions have been undertaken to develop 
testing methods which will reproduce 
service conditions and thereby make 
possible the selection of steels which are 
suitable for a particular service. One of 
the serious obstacles to such a goal is the 
question of deciding which properties 
actually determine service performance 
At present, it is not known whether 
strength, duciility, energy absorption, 
mode of fracture or some other property 
is the one of significance. The fallacy of 
comparing test results between programs 
in which unlike properties have been 
measured has been pointed out previ- 
ously.? 


Structural Design Properties 


Inthedesignof most structures, astrength 
factor (elastic limit, yield or fatigue) of the 
material is the only property whose 
numerical value is utilized to arrive at the 
proper dimensions and arrangement of the 
members. At the same time, however, it 
has been recognized that suitable materia! 
cannot be guaranteed without some specifi- 
cation with respect to ductility A given 
value of ductility can seldom be justified 
except that experience seems toindicate that 
lower levels of ductility would be hazard- 
ous. The tensile test has served almost 
exclusively for this measurement, although 
its shortcomings are freely admitted, so 
that in many cases it has been supple- 
mented by notch-bar tests at operating 
temperatures. The importance of the 
ability of the metal to deform without rup- 
ture has been recognized for structures 
even though any general deformation 
would render the structure useless. 

Because the tensile test fails to provide 
for the effect on ductility of combined 
stresses and of testing temperature that 
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are involved in actual structures, there has most useful and how they can be applied to “sugary” in appearance has led to stud- 
been considerable effort made to find test- the problem. ies*> * in which the mode of fracture has 
ing methods which will furnish these neces- Recently the failure of a considerable received emphasis. Here the tendency of 
sary conditions. At the moment we suffer ~- number of ships and pressure vessels under the steel to change its mode of fracture 
oot from a lack of such specimens but from conditions in which rupture was violent and from shear to cleavage type, as the testing 
an inability to decide which ones are the the fractured surfaces were granular or temperature is. lowered, is assumed to be 


the property of real significance. 

Now it happens that the ductility of a 
steel and its mode of fracture are net at all 
susceptible in the same degree to the 


influence of testing temperature and stress 
distribution. It is possible to develop 
cleavage failure in steel after considerable 
deformation has taken place.* * The 


POSTHEATED 


question then arises: which of these prop- 
erties is significant in service? Will a 
steel capable of considerable deformation 
in a given structure be satisfactory even 
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though its fracture, if finally brought 
about, is cleavage in nature? An attempt 
will be made here to present the evidence 
supporting each of these criteria of notch 
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Ihe action of ductility im supplying 
resistance of a structure to failure has been 
described something as follows: If stresses 
were always introduced into a structure in 
uniform distribution, the strength alone 
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160 of the material would suffice to determine 
its resistance to rupture; but because of 
concentrations involved inevitably by 
notches and changes of section, there are 
always localized areas in which the stress 
level is considerably higher than the 


|AS ROLLED 
2 | | 
re) | |AS STRAINED 
2 | 
| 
2 | STRAINED 
| AGED AT 400°F 


0 


| = STRAINED 
| } [AGED AT |200°F 


-120 -80 -40 40 80 160 


TESTING TEMPERATURE 


Fig. 17. Effect of strain ductility; in., 0.25% C, 


Si killed plat 


Stout, McGeady—Notch Sensitivity of Welded Plate 7-8 


| | a 
AS ROLLED 

bo 22-9 AS STRAINED | 

| | | | 3 

| STRAINED 
|AGED AT 400°F 

| 
| 


nominal value. Only if plastic flow is 
possible, can these localized stresses be 
relieved and failure at these points averted. 
In many cases, the metal in a highly con- 
fined zone may be required to deform 
drastically, while the structure, as a 
whole, may not change dimensions to any 
measurable extent. Thus, it is not the 
plasticity of the whole structure, but 
rather the plasticity of critical local areas, 
that will determine the serviceability of 
the steel. 

If the situation described above holds 
true for steel structures, then it would 
appear that ductility under combined 
stresses, rather than mode of fracture, is 
what really matters. 

Examination of service failures in 
structural steels has brought out two facts. 
First, the fracture is almost always cleav- 
age in appearance. But second, the duc- 
tility, as measured by. reduction in thick- 
ness, has been very low, usually less than 
1%. Now it happens that the transition 
temperature, as indicated by a sharp drop 
in ductility values, is always lower (at 
least, never higher) than that indicated by 
a change from shear to cleavage fracture. 
Thus, a steel member that has failed be- 
cause of low ductility at operating tem- 
perature will always show a cleavage frac- 
ture. The assumption has been made 
frequently that the tendency toward 
cleavage failure is responsible for failure. 
Actually, cleavage failure may be just an 
accompanying phenomenon and not, in 
itself, indicative of inadequate steel prop- 
erties. 

Undoubtedly, there are a large number 
of structures in successful operation today 


at temperatures and under stress patterns - 


which would result in a cleavage type 
fracture if failure occurred. The ductility 
of the steel may be responsible for allow- 
ing the structure to adapt itself to the load 
and thus avert failure. 

In a report? prepared by aboard of 
investigation appointed by the Secretary 
of the Navy, the failures of welded mer- 
chant vessels were studied in detail. In 
Table 11 of that report, it is indicated that 
the Charpy value of the fractured steels 
was almost always 10 ft. lb., or less, at the 
temperature of fracture. This energy 
value in the Charpy bar is known to corre- 
spond to a very limited ductility in the 
steel. 

In Fig. 26 of the same report, the rela- 
tion of fracture frequency to operating 
temperature is shown. At temperatures 
below 30° F. the incidence of fractures 
rises sharply. Tests of ship steels, such as 
in the wide plate tests,® * have demon- 
strated that cleavage failures in steels of 
this general type are to be expected in a 
range of temperatures extending well 
above 30° F. Thus, the transition tem- 
peratures indicated by ship failures do not 
appear to coincide with the transition 
temperatures indicated by cleavage fail- 
ure. 

Another investigation’ of ship steels, in 


which the influence of hatch corner design 
was examined, brings out another point. 
By notch-reducing changes in the design, 
it was found possible to bring about great 
improvement in the behavior of the hatch 
corners. Yet both the worst and the best 
designs failed with a cleavage fracture. 
The elimination of poor performance of the 
hatch corners was not accompanied by 
elimination of cleavage fracture. 

In laboratory specimens, a change in the 
design of the notch has been shown to 
affect the ductility of the steel far more 
than its tendency toward cleavage frac- 
ture. Likewise, welding conditions have 
much greater influence in changing the 
ductility transition temperature than the 
cleavage transition temperature. More- 
over, postheating was shown to restore 
considerable ductility to welded steel, yet 
it changes the cleavage tendency very 
little. In at least four steels, postheating 
has been found to raise the fracture transi- 
tion temperature. The response of duc- 
tility values to these operations is more in 
keeping with our experience with what 
notch severity, welding and postheating do 
to steel than is the response of fracture 
behavior. 


Mode of Fracture 


To parallel the discussion of the section 
above on ductility the behavior of a 
structure as controlled by its tendency to 
cleavage failure can be pictured in the 
following way. All steel struetures con- 
tain notches, imperfections and incipient 
cracks which are potential sources of fail- 
ure. The ability of the steel to resist the 
propagation of these cracks determines its 
serviceability. High resistance is indi- 
cated by shear fractures, which absorb 
large amounts of energy and proceed 
slowly. Low resistance is indicated by 
cleavage fractures whichoecur atextremely 
high velocities and absorb very little 
energy during their progress. If a strue- 
ture does not fail at temperatures which 
can produce cleavage fracture, it is because 
the stress level never reaches the critical 
value required to propagate a crack. The 
strong influence of design is explained by 
the lowering of stress concentrations at 
strategic locations. 

The criterion of cleavage fracture pos- 
sesses several characteristics which recom- 
mend its selection as a logical criterion of 
the serviceability of steel. It is easily 
measured without special equipment. 
The transition from shear to cleavage 
fracture is usually fairly sharply defined on 
the temperature scale. There is almost no 
problem in deciding the level of perform- 
ance which sets the transition, since the 
fracture changes from mostly shear to 
mostly cleavage within a distinct range of 
temperature, although there is frequently a 
scatter range in which either can occur. 

These points, however, are relevant to 
the convenience of the criterion more than 
they are to its significance. 


Even though a steel can absorb consid- 
erable energy before failure, the fact that 
it fractures suddenly and violently gives 
the impression that its behavior is danger- 
ous and undesirable. Especially where 
personnel are involved, this may well be- 
come a determining factor. 

It has been shown in Figs. 2 and 3 that 
in the presence of welding procedures 
involving high cooling rates and thus 
brittle metallurgical structures in the 
heated zone, the ductility transition tem- 
perature is raised to a level which is vir- 
tually the same as the fracture transition 
There is good reason to believe that the 
mode of fracture is a reflection of the 
behavior of the steel in the presence of an 
infinitely sharp notch. Therefore, the 
fracture transition will indicate the tem- 
perature at which the steel will become 
unreliable when either welding or design or 
mechanical imperfections introduce ex- 
tremely severe stress conditions. The 
fracture transition temperature then be- 
comes a floor, representing the notch sen- 
sitivity of the steel under maximum con- 
straint. This may be a logical condition 
to maintain in tests where steels are to be 
compared. However, the relation that it 
will bear to service conditions is a moot 
question. 


Conclusions 


From the discussion above, it ts evident 
that no definite choice exists between the 
criteria of ductility and type of fracture as 
measures of service performance. Until 
information can be collected which will 
define the properties controlling the serv- 
iceability of steel, there can be no final 
answer to the problem. One possibility is 
to obtain steel samples from satisfactory 
and unsatisfactory pressure vessels and 
ships and then test these steels by means of 
laboratory specimens. It may then be 
possible to compare laboratory results with 
service behavior, at least to the extent that 
correlation or lack of it can be demon- 
strated for ductility or fracture type versus 
service properties. Such a project could 
furnish extremely useful data. 


SUMMARY 


The results of the investigation reported 
here can be summarized as follows: 

1. Initial cracking appears in either 
prime or welded plate at relatively small 
angles of bend. If steel containing about 
0.18% C and no alloys is welded, the first 
crack is found to appear in the weld metal. 
In steels of higher alloy or carbon content, 
it has always been found to form in the 
heated zone of the plate metal. 

2. Normalizing at the proper tempera- 
ture was shown to improve the fracture 
transition temperature of both prime and 
subsequently welded plate. The ductil- 
ity transition temperature was improved 
somewhat in the unwelded plate and con- 
siderably in the subsequently welded plate. 
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Normalizing temperatures which are too 
high or too low were deleterious. 

3. The longitudinal notch-bend test 
has been used to show the effects on frac- 
ture and ductility transitions of such 
factors as steel composition, plate thick- 
ness, welding, heat treatment and strain- 
aging. 

4. The question of the relative signifi- 
eance of ductility measurements and 
observations of the type of fracture has 
been discussed. Advantages of each can 
be cited. Examination of satisfactory and 
unsatisiactory plates In service may pro- 
vide the needed information for an answer 
to this problem. 
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» Welding 


by R. Weck, Ing.. PH. D. 


SYNOPSIS 


Residual stresses can arise only from 
a geometrically noncompatible system of 
initial deformations. These are the plastic 
deformations introduced in certain form- 
ing operations. Welding stresses also are 
due to plastic deformations. Additional 
stresses may arise from the volume 
changes accompanying phase changes 
If brittle constituents are formed or the 
plasticity is limited, cracking may occur. 
This is understood as arising directly from 
any geometrically noncompatible system 
of strains. 

The plastic deformations and the 
residual stresses occurring in mild steel 
plates joined by a butt weld were measured 
with the Tomlinson strain gage in the 
immediate vicinity of the weld. The 
stresses were found to be near the vield 
point, and the opinion is expressed that 
stresses of this magnitude would always 
be found in welded steel. Welding pro- 
cedure was found of little influence on 
the magnitude of the stresses, The re- 
striction of angular distortion produced 
the highest stresses. 

Very high stresses were produced by 
restraining the ends of the specimen in a 
stiff frame during welding. Cooling of the 
specimen relative to the frame resulted in 
still higher stresses which, together with 
the residual stresses, exceeded the vield 
stress. Although the steel was notech- 
brittle at a temperature 46° C. above 
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Residual Stresses Due to Welding 


the lowest temperature reached, yielding 
accompanied by stress relief still took 
place. The opinion is expressed that 
under static loading conditions the 
strength and carrying capacity will not 
be influenced by residual stresses if 
vielding takes place. Brittle failure which 
is sometimes ascribed to residual stresses 
appears to be due to faulty design and 
unsuitable material. There is evidence 
to suggest that the fatigue strength may 
be affected by residual stresses, but this 
question requires further investigation. 


INTRODUCTION 


ETALS are frequently found to be in 
a state of stress after they have been 
subjected to certain working proc- 
esses, such as rolling, straightening, ex- 
truding, pressing, ete. It is generally 
recognized that these residual stresses are 
due to the plastic deformations which 
have been introduced in these forming 
operations. It is not generally appreci- 
ated, however, that the residual stresses 
present in a welded component when 
welding has been completed and the 
article has assumed its original tempera- 
ture must also arise from plastic deforma- 
tions. This can best be seen from a brief 
consideration of a mathematical criterion 
of the general conditions from which resid- 
ual stresses arise. 

In the theory of elasticity the state of 
strain ot a solid b nly Is described by six 
strain components and these, considered 
as continuous variables, must satisfy six 
partial differential equations, which are 
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stresses are due to plastic deformations. Under static loading 


conditions residual stresses do not affect carrying capacity if yielding takes 
place. 


Brittle failures generally due to faulty design and poor material 


known as the compatibility conditions, 
The values of the six strain components at 
any point describe the deformation of a 
small elementary cube at that point, and 
the compatibility conditions simply ex- 
press the interdependente of the strain 
components necessary 1 order to pre- 
serve the continuity and coherence of the 
solid 

It can be shown that residual stresses 
ean only arise if there is an initial state of 
deformation present which is described by 
strain components not satisfying the 
compatibility conditions. 

In this way thermal stresses, for in- 
stance, arise from the thermal dilatations. 
Three of the six strain components for 
thermal strains are zero and three are 
proportional to the temperature, and it 
can be shown quite readily that such a 
system can only satisfy the compatibility 
conditions if either the temperature is 
uniform for all parts of the body or the 
temperature gradient is linear For all 
other temperature distributions thermal 


stresses must arise 


ORIGIN OF WELDING STRESSES 


It would be quite wrong, however, to 
consider welding stresses simply as a form 
of thermal stresses. The stresses which 
are of interest are the stresses present after 
welding has been completed and after the 
body has reached uniform temperature. 
Since there is then no temperature gradi- 


ent, there can be no thermal stresses. 


9-8 


| 


Fig. 1 


Restraining frame with specimen after welding 


The dial gages measure the deflection of the frame and this is a measure of the load introduced into the specimen in consequence of transverse weld 


contraction and end restraint. In this particular experiment these end loads corresponded to average stresses 
much higher stresses were found in the vicinity of the weld. 


the photograph 


LK 


‘ 


Schematic diagram of Tomlin- 
son gage 


Fig. 2 


Very severe thermal stresses must arise 
during welding from the severe nonuni- 
formity of heating. These thermal stresses 
will produce large plastic deformations, 
especially in materials such as low-carbon 
steels, whose deformation resistance is 
small at high temperatures. These plas- 
tic deformations, together with the thermal 
deformations, form a compatible system, 
but after cooling to uniform temperature 
the thermal strains disappear and the 
plastic deformations remain. These re- 
maining plastic deformations by them- 
selves, however, will not setisfy the com- 
patibility conditions and they form the 
which residual welding 
stresses originate. 

In a joint made between two low-carbon 
steel plates, by electric are welding, for 


source from 


10-s 


instance, these plastic deformations are 
found in a zone of approximately 3 in. 
width at both sides of the weld, and their 
over-all effeet is the longitudinal and 
transverse weld shrinkage known to all 
welding engineers. 

Residual stresses cannot arise unless 
there is material which is more or less 
severely plastically deformed. The ques- 
tion, therefore, whether residual welding 
stresses give rise to plastic deformations 
is rather inappropriate, since the material 


Fig. 3 
crometer 
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Tomlinson strain gage 


The change in the distance of two conical gage marks 1 in. apart is portant 
transmitted to a pointer, the movement of which is measured by a mi- 


‘> tons per square inch. Very 


These were measured with the Tomlinson gage. The gage marks are clearly visible in 


must be plastically deformed first before 
residual stresses can arise. It is extremely 
difficult to say, however, at what tempera- 
ture in a particular region the process of 
plastic deformation comes to an end. It 
is possible that part of the plastic deforma- 
tion takes place at temperatures below 
660° C., and that strain aging may occur 
in consequence. In this way some of the 
effects attributed to residual stresses may 
in fact be attributable to strain aging. 


WELDABILITY 


The résumé 
would be incom- 
plete without refer- 
ring to one aspect 
of the problem of 
weldability 
is intimately con- 
nected with the 


which 


question of residual 
stresses. So far, 
we have considered 
an ideal material 
which does not 
undergo 
changes, or whose 


phase 


phase changes are 
not accompanied 
by volume changes, 
and whose plastic- 
ity at higher tem- 
perature is un- 
limited. 

Phase changes 
are inevitable in 
a number of im- 
materials, 
in consequence of 
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Transverse strains, top of plate I' 


the heat applied in the welding process 
If the 
phase changes took place simultaneously 


volume changes accompanying 
throughout the entire material, no other 
residual stresses than those already con- 
There 


tessellated or microstresses in consequence 


sidered would occur may be 
of the formation of different constituents, 


but consideration of these falls outside 
the scope of this paper 


The 


changes are of the same type as thermal 


strains accompanying volume 
strains, ie., three dilatations and no shear 
strains. An important difference lies in 
the fact that 
after uniform room temperature has been 


thermal strains disappear 


reached, leaving incompatible plastic 


deformations which give rise to residual 
stresses while strains due to volume change 
will persist and form a compatible system 
with the plastic deformations which must 
accompany them 

Of course, in this case again no residual 
stresses will be found in addition to those 
considered — already If, however, — the 
plasticity of the material is in any way 
limited at the time the volume change 
takes place; if, for instance, hard or brittle 
constituents are formed, the noncompatible 
svstem of volume-change-strains cannot 
be transformed into a compatible system 
by plastic deformation and crackng must 
result. 

Cracking is a disruption of the con- 
of the solid 
multivalued displacements, and it was 
Volterra! that 


corresponding to a 


tinuity This corresponds to 


shown analytically by \ 
the displacements 
deformations 


system of noncompatible 


must be multivalued. From this we can 
say that a noncompatible system of initial 
deformations —arising from phase changes, 


for instanee—which cannot be trans- 


formed into a compatible system by plas- 
tic deformations, results in multivalued 
displacements which are equivalent to 
disruptions of continuity, i.e., cracking 
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» in. from weld 


DEFORMA- 
Y OF THE 


MEASUREMENT OF 
TIONS IN THE VICINI 

ELD 
Residual stresses could be calculated in 
the same way as stresses due to external 
loads if the magnitude and distribution of 
the plastic deformations from which they 
arise were known. These plastie defor- 
mations due to welding, however, are not 
known and cannot, in view of the com- 
plexity of the phenomenon, be deduced 
from first The other 
method available forevaluating the residual 
This can be 


principles only 


stresses 1s measurement 
carried out in one of several different well- 
known ways, all of which, apart from X- 
ray methods, involve subdivision and 
strain gages of one sort or another 

In an investigation* which the author 
under the 
at the Uni- 


was privileged to carry out 
direction of Prof. J. F. Baker 


* This investigation was carried out for the 
Admiralty Shi; b-Committee 
British Welding Research Assn., and the 
wishes to make due acknowledgment fr 


mission to u some of the informaton obtained 


PLATE THICKNESS 3 


ALONG C-C 


INCHES 


15-19 


—-— 
DIRECTION OF WELDING 


versity Engineering Laboratory, Cam- 
bridge, an attempt was made to measure 
not only the residual stresses but also the 
plastic deformations from which they arise. 
This required measurements in the im- 
mediate vicinity of the weld and an instru- 
ment had to be used which did not neces- 
But be- 


fore describing this instrument which was 


sitate permanent fixing in place 


a modified form of a strain-gage designed 
originally by the late Dr. G. A Tomlinson 
of the National Physical Laboratory, it 


might be well to consider briefly the 
general arrangement ol these experiments. 
U-shaped frame 


structed from rolled sections 


Fig. 1) was con- 
This frame 
was used to restrain the ends of a mild 
steel specimen consisting of two 6-1n. W ide 
Strips W hich after placing in the frame were 
joined by a butt weld. The contraction 
taking place across the weld caused a 
deflection of the vertical members of the 
frame proportional to the total load intro- 
duced into the specimen by welding under 
exterior This deflection was 


measured by dial gages and was propor- 


restraint. 


tional to the average stresses in the plate. 
These were approximately 2'/. tons per 
square inch in this particular set of experi- 
ments, and did not vary very much with 
either plate thickness or welding proce- 
dure. 

Considerably higher stresses existed in 
the vicinity of the weld where the stresses 
due to the end loads were superimposed 
on residual stresses of considerable magni- 
tude. These with the 
Tomlinson gage, and some typical results 


were measured 
are reproduced in Figs. 4 and 5. 
In the Tondinson gage use is made of 
the same principle of mechanical magnifi- 
cation as in the Huggenberger strain gage. 
This is shown diagrammatically in Fig. 2. 
The gage itself is shown in Fig. 3 
V and F, Fig. 2) are 1 in. 
» in, diam. steel balls at 


The two pegs 
apart and carry 
their ends, which register in conical punch 
It is 


marks defining a 1-in length. 


these gage 


gag 
gage 


essential for lengths to be 


1, STRAIN AFTER WELDING 

2. STRAIN AFTER RELEASE 

3. STRAIN RE 

4 ELASTIC RECOVERY AFTER 
CUTTING-OUT WELD 


910-10 4 


«5-10 


INCHES 


OIRECTION OF WELDING 


Fig. 5 
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Longitudinal strains, top of plate I in. from weld 
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Fig. 6 Restraining frame consisting of two columns 4'/; in. diam. connected to the two circular disks to permit rotation 


The specimen shown in position ready for welding is supported on wedges. 
Electrical strain gages are attached to the columns at the middle for the 


welding. 
Tomlinson strain-gage measurements 


marked out very accurately, for the total 
range of movement of the gage is only 
about 10x10~* in. The marking out of 
the gage lengths is best done in a milling 
machine. 

When the two pegs are arrested in the 
gage marks, the position taken up by the 
pointer is measured by a micrometer 
which is fixed to the gage. The gage can 
then be removed. Any change in the 
gage length can then be measured by re- 
gistering the two pegs in the gage marks 
and, since the pointer will assume a differ- 
ent position, a different reading is ob- 
tained. The difference between the two 
micrometer readings is proportional to the 
strain. 

The curves /-/V in Figs. 4 and 5 were 
obtained by taking readings before weld- 
ing, after welding, after release of the 
specimen from end restraint and after 
eutting out the weld. Hence Curve / 
represents the total strains due to welding; 
it includes the plastic deformation and the 
Curve //1 


strains due to residual stresses. 


is the elastic strain released after relieving 


Curve 
IT is the difference between curves T and 
IIT and is the sum of the strains due to 
residual stresses and to plastic deforma- 
tions from which they arise. Curve /V is 
the elastic recovery taking place after 
cutting out the weld and this is approxi- 
mately proportional to the residual stress. 
It can be seen that the sum of the residual 


the specimen from end restraint. 


stresses and the stresses due to end re- 
Straint in the center of the plate | in. away 
from the weld was found to be near the 


12-s 


The clamp at each end and wedges in position prior to 
oft 


Also note gage marks for the 


tensile yield stress of the material. This 
is quite a typical result for mild steel 
plates welded up under moderate restraint. 

The relaxation obtained by cutting out 
the weld shows that the major part of the 
plastic deformations is located in the weld 
and a narrow zone of the adjoining parent 
metal. This follows from direct measure- 
ment of the contraction of the weld trans- 
verse to its direction, which varied for 
different plate thicknesses between 20x 
10-* in. and 80x10~* in. and also varied 
along the weld. The difference between 
curves 77 and /V can be considered as the 


plastic deformations taking place trans- 
verse to the direction of the weld in a l-in 
wide strip 1 in. away from the weld. 

The investigation had been undertaken 
with the object of determining the influ- 
ence of different welding procedures on the 
magnitude of the stresses arising on conse- 
quence of exterior restraint and it -was 
found that they had little, if any, influence. 
Other factors were found to be much more 
important; 
duced when the angular distortion was 
restricted. The investigator formed the 
opinion that in the application of electric 


the highest stresses were pro- 


— ELEVATION — 


Fig. 7 Arrangement of restraining frame 
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are welding to low-carbon steel, stresses 
up to the yield point could probably al- 
ways be detected somewhere; or, at all 
events, quite impracticably meticulous 
precautions would have to be taken in 
order to keep the residual stresses every- 
where below the yield point of the material 
THE 


INFLUENCE OF RESIDUAL 


STRESSES 


f we have to accept the fact that are- 
welded steel will always contain residual. 
stresses which may be near the yield point 
of the material, the question as to how 
these residual stresses affect the strength 
assumes great 


and carrying capacity 


importance. There is little evidence in 
the literature on which a definite answer 
could be based. To cite just a few com- 
paratively recent and authoritative utter- 
ances on this question: (i. Sachs? states: 
“The residual stresses in fusion-welded 
structures are generally considered to be 

This has not been proved 
Rods* of Ziirich savs: “If there 
are no discontinuities in the structure in 


deleterious. 
as vet 


the form of fine cracks, then these addi- 
tional stresses are normally without prac- 
tical significance provided the material is 
ductile.” 
other hand, comes to the conclusion, on the 


sufficiently Stiissi,t on the 
basis of experimental work, that ‘“‘shrink- 
age stresses influence the fatigue strength 
Bohny and Busch® 


state, in conclusion of a report on work 


of welded joints.” 


with stress-relieved and not stress-relieved 
welded plate girders, that ‘“The safety of 
welded steel structures against fracture is 
increased by stress-relieving heat treat- 
ment 

In the course of the’ investigations al- 
ready mentioned, some results were ob- 
tained which are not without significance. 

4 second restraining frame of very 
much higher rigidity was constructed 
(Figs. 6 and 7) in order to produce more 
severe restraint and higher stresses. The 
total load introduced in the 6-in. wide 
specimen by a butt weld deposited when 
the ends of the specimen were restrained in 
the frame could be determined by meas- 
uring the total compression load in the 
frame with electric resistance strain gages 
This, of course, was equal to the load in 
the plate, and the average tensile stress in 
the plate could be determined from these 
measurements. The residual stresses and 
the plastic deformations near the weld 
were again measured with the Tomlinson 
strain gage. 

Figures 8 and 9 show typical results. 
The shape of the curves is similar to that 
shown in Figs. 4 and 5, but the magnitude 
of the strains, especially those introduced 
by restraint, is considerably higher. 

In some of the tests the specimens were, 
after having cooled to room temperature 
packed in solid CO,. This had the double 
objective of raising the average stress in 
the plate still further 
contracted relatively to the frame 


the plate in cooling 
and of 
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2 STRAIN AFTER RELEASE 
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4 ELASTIC RECOVERY AFTER 


CUTTING-OUT WELD 


Fig. 8 Distribution of transverse strain across plate at I' 


lowering the plate temperature to below 
transition temperature. 

The transition temperature of one par- 
ticular specimen was +8° C.* A stress 
due to end restraint of 11 tons per square 
inch had been introduced and, in addition, 
there was a residual transverse tensile 
stress near the weld of at least 5 tons per 
square inch. The specimen was cooled to 
—38° C. This increased the average 
stress from 11 to 16 tons per square inch. 
Adding to this the residual stress of 5 tons 
per square inch, a maximum tensile stress 
of 21 tons per square inch was reached, 
certainly higher than the room tempera- 
ture yield stress of the material (18 tons 
per square inch). In addition, there was, 
of course, a longitudinal residual stress, 
the magnitude of which had not been 


* The transition temperature at which the 
tensile fracture of a notched testpiece changes 
from a ductile to a cleavage type of fracture was 
known from work carried out by Dr. C ‘ 
Tipper, at the University Engineering Labora- 
tory, Cambridge 
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» in. from weld 


determined. The specimen was held at 
this temperature for perhaps 30 min. 
When it had resumed room temperature the 
average stress, as measured by the load in 
the columns, had dropped to 8.5 tons per 
square inch. That is, in the cooling cycle 
astress relief of 2.5 tons per square inch by 
yielding under the influence of residual 
stresses had taken place 46° below the 
transition would not 
have been surprising from the evidence of 
recent work on the brittle fracture of mild 
steel if the plate under this treatment had 
fractured suddenly. But fracture did not 
take place in this or in any of a large 
number of other tests designed to create 


temperature. It 


what might be considered very unfavorable 
conditions of stress, form and tempera- 
ture. This is reassuring, though it does 
not, of course, prove that residual stresses 
have no deleterious effect. 

There are two ways in which the static 
of a 


strength and carrying capacity 
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Fig. 9 Distribution of longitudinal strain across plate at 1 in. from weld 
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welded structure can be conceived to be 
One is the 
occurrence of yielding at applied loads of 
lower magnitude than those which would 
produce the same effect in a stress-free 


affected by residual stresses. 


that the stresses would be additive every- 
where. If they are additive in one place, 
they must needs subtract in another. The 
collapse load under static loading would be 
unaffected, for progressively more load 


ponent may be affected by residual stresses 
This question requires further extensive 
investigation. A carefully planned, long- 
term investigation of this problem has been 
initiated, and is now being carried out by 


structure. 
which residual stresses are 
thought to affect welded structures is that 
of facilitating or producing brittle failure. 

The first effect has not worried engineers 
in the past, when using material such as 


The other conceivable way in 


sometimes understressed as 


could be taken by the parts which are 


yieid, and as they yield, the residual 
stresses will be relieved. 

The other type, i.e., brittle failure, if it 
occurs, is of grave concern to engineers. 


the British Welding Research Assn. 


overstressed parts 
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Arc Phenomena with Electrodes 
Moving at High Speed’ 


Discussion by L. H. Orton* and 
J. C. Needham* 


The present paper is of interest, as indeed is any 
paper which offers a technique for observing and study- 
ing the are, and the further development and extention 
of the investigations here discussed should prove of 
importance. 

The study of the steel rod to steel plate arc is one of 
some difficulty, for the usual arcing processes, complex 
in themselves, are disturbed by the additional factor 
The authors of the paper 
state that their technique makes it possible for them, 


of material transference. 


under certain circumstances, to maintain a stable are 
and at the same time interrupt and repeat the are proc- 
Any 
technique which proves capable of yielding accurate 


ess so that certain effects may be observed. 


and repeatable test results in relation to work of this 
nature is valuable. 

There are, however, several matters in the paper on 
which we should like to comment briefly. These will 
not be dealt with in order of importance, but for ease 
of reference, in order of context in the paper. 

Figure 4 shows a photomicrograph of a section 
through an anode spot on steel tape. Can the authors 
state the relationship of the contour there shown to 
that of the molten anode pool? Visual inspection of 
enlarged images of electrodes thrown onto a screen 
show that considerable contour changes, including the 
*L. H. Orton, Ph.D., F. Inst. P., and }- C. Needham, B.Sc., of the 


Electrical Research Assn., London, Englanc 


t+ The paper by W. B. Kouwenhoven and T. B. Jones was published in the 
Sept. 1948 Research Supplement to WELDING JoURNAL pp. 470-s to 475-8 
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formation of a “peak” on the anode, can occur during 


cooling and solidification following the current cut off. 

The oscillograms shown in Figs. 5 and 6 are of some 
interest. From general appearance it is assumed that 
the arcing voltage records were obtained using an 
electromagnetic type oscillograph, with, for this type 
of unit, a fairly high-frequency response. Work we 
have carried out in the laboratories of the Electrical 
Research Assn., in cooperation with the British Weld- 
ing Research Assn., is in agreement with the authors’ 
findings in relation to the high-frequency fluctuations 
superimposed on the arcing voltage. Care must, how- 
ever, be taken that the upper frequency limit recorded 
is not governed by the response time of the recording 
unit. The authors state that frequencies of 1000 to 
3000 eps. are present, with a voltage swing of 0.5 to 
5 v., while they add that there is evidence of small 
variations in voltage at higher The 
authors are correct in this supposition, since we have 
data (E.R.A., Report Reference Z/T72), to be published 
shortly, showing that oscillations of the order of 100 k. 


frequencies. 


cycles per second are present for certain electrode con- 
ditions. 
for certain of the voltage fluctuations and oscillations, 


In addition, some attempt is made to account 


the causes of which are queried in the present paper. 

In due course it is hoped that the authors will pro- 
vide more detailed information in relation to their 
high-speed motion picture technique than it has been 
possible for them to include in the present paper. Re- 
production of actual high-speed photographs would be 
very interesting, while further data as to filters an 
their effects on the apparent size and shape of the are 
and its surround would be valuable. 

In the section under Characteristics of Anode Spots, 
the authors state that the surface finish of the anode 
tape influences the frequency of the anode spots. It 
would be of interest to know details of the surface 
finish of the '/-in. diameter bare mild steel rod used as 

(Continued on page 40-8) 
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Further Studies in Projection Welding 


® The variables of weld time, current, electrode 
force, projection size and shape and their effects 
on weld properties for different steels are reported 


by W.F. Hess, W. J. Childs and 
R. F. Underhill, Jr. 


Summary 


The projection welding of 0.040-in. A.I.S.1. 1010, 1015 and 


1020 steels has been investigated. The variables of weld time, 


weld current, electrode force, projection size and shape and 
their effect on weld formation and strength have been studied. 
Projection diameters below 0.10 in. have proved unsatisfactory 
but the exact value of diameter in the range from 0.10 to 0.14 in 
was not critical. Projection heights 20°) of the diameter gave 
better results than lower projections. Higher resistance elec- 
trode materials have been found to require bess welding current 
than low-resistance electrodes A weld time of at least 10 cycles 
was required for consistent projection welds in 0.040-in. steels 
The ratio of multiple to single weld strength decreased with car- 


bon content in the 0.040-in. thickness steels 


INTRODUCTION 


HE research reported in this paper is a continuation 
of the previous work which has been conducted at 
Rensselaer Polytechnic Institute. It has been 
undertaken in an effort to broaden the knowledge 
of projection welding and to establish optimum condi- 
tions for welding various types and gages of steel. This 
work has been conducted under the sponsorship of the 
Welding Research Council 
done on 0.125- and 0.062-in. thickness gages. This re- 


Previous work has been 


port supplements the prior investigation in these thick- 
nesses and in addition deals with the 0.040-in. gage of 
low-carbon steels. 


EQUIPMENT 
Two different welding machines were used for this 
investigation. A large 175-kva., motor-operated toggle, 
press-type welder, with provision for electrodes up to 
2'/, in. diameter, was employed for making most of the 
welds in the thicker gages, particularly for the multiple 
weld specimens. For welding the thinner gage ma- 


Dr. W. F. Hess is Head and R. F. Underhill, Jr., is a member of the staff of 
the Dept. of Metallurgical Engineering at Rensselaer Polytechnic Insti- 
tute, Troy, N.Y. Until recently Dr. M. J. Childs was a member of the 
staff of R.P.I His present connection is M.1.T 


This paper was presented at the Twenty-Ninth Annual Meeting, A.W.S., 
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terials, better results were obtained with a 200-kva., 
air-operated machine which had a more rapid follow-up. 

An electronic current regulator was used to maintain 
the current at any desired value. Current magnitude 
was measured by means of a strip-chart recording am- 
meter for the longer weld times. Shorter weld times 
were measured either by a pointer-stop ammeter or by 
placing a copper plate between the electrodes and in- 
creasing the weld time to a sufficiently long time to per- 
mit the use of the recording ammeter. The latter pro- 
cedure could be followed only when the current regula- 
tor was utilized. The duration of current flow was 
checked by a precision synchronous electric clock for 
the longer weld times and either by a Brush direct- 
inking oscillograph or a magnetic oscillograph for 
shorter times. 


MATERIAL 


The material for this investigation was A.I.8.1. 1010, 
1015 and 1020 in the 0.040-, 0.062- and 0.125-in. thick- 
nesses. The composition and mechanical properties of 
these steels are listed in Tables 1 and 2. To obtain a 
clean uniform surface for welding, the steel was grit- 
blasted. This was necessitated by partial rusting of 
some of the material on shipment. 


TESTING 

The methods of testing the projection welds and the 
specimens used have been described in detail in a pre- 
vious paper.'!' The normal tension and shear tests were 
used extensively throughout the investigation to study 
the effect of the different variables on the mechanical 
properties of the weld. A chisel test was used for pre- 
liminary examination of the weld to determine roughly 
the amount of fusion and the amount of adherence. 
Radiographs were taken to study the amount of poros- 
ity present and to evaluate the methods of eliminating 
the porosity. 

Two pieces, 2 x 6 in., were used in making all of the 
shear and normal tension test specimens. The exact 
dimensions of the completed specimen and the location 


1 Hess, W. F., and Childs, W. J., ‘‘A Study of Projection Welding,"’ Tue 
Wetpine Journat, 26 (12), Research Suppl., 712-s to 832-s (1947) 
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Item Material, Thickness, 

No. AISI. No. in. Cc Mn 
1 1010 0.040 0.08 0.36 
2 1019 0.062 0.08 0.36 
3 1010 0.125 0.08 0.39 
4 1015 0.040 0.15 0.40 
5 1015 0.062 0.14 0.54 
6 1015 0.125 0.14 0.54 
7 1020 0.040 0.20 0.45 
8 1020 0 062 0.20 0.45 
9 1020 0.125 0.20 0.45 


Table |—Chemical Analysis 


P S Si Cu Ni Cr 
0.007 0.028 0.012 0.04 0.06 0.05 
0.007 0.028 0.012 0.04 0.06 0.05 
0.010 0.027 0.010 0.06 0.05 0.03 
0.012 0.012 0.027 0.03 ; 
0.014 0.035 0.010 0.011 0.011 5 
0.014 0.035 0.010 0.011 0.011 
0.012 0.042 0.003 0.01 
0.012 0.042 0.003 0.01 
0.012 0.042 0.003 0.01 


of the projections has been illustrated in a previous 
paper.' This same specimen size was used for the multi- 
ple specimens. In the shear test, the pieces were over- 
lapped 2 in. and the projeetions centered in the overlap. 
For the normal tension test, the same size pieces were 
used but the welds were placed in the center of an over- 
lapping cross. Tension was applied perpendicularly to 
the sheets by means of a jig which was designed to mini- 
mize sheet slipping and distortion. 


DIES AND PUNCHES 


Spherical projections were used throughout this in- 
vestigation. Dies consisted of spherical depressions 
formed in a die block by forcing a ball with the desired 
; curvature into the block, followed by grinding down the 
flat upper surface until the required depth of depression 
was obtained. Punches were truncated cones with a 
30° half angle. The height of the punch was chosen to 
be slightly greater than the desired height of the projec- 
tion. Punch volume was calculated to equal the volume 
of the die depression. In thin materials, when greater 
; projection rigidity is needed, the punch can be made a 
; little higher and not so wide at the base. This design 
gives a greater resistance to collapse. 

; The dies and punches were made of an air-hardening 
steel and were hardened and tempered to a value of 
Rockwell C 60. 


WELDING OF THE 0.040-IN. THICKNESS 
STEELS 


In studying the projection welding of the 0.040-in. 
steels, most of the emphasis was placed on welding the 
lowest S.A.E. 1010 This was 
chosen in preference to the higher carbon 3.A.F. 
1015 and S.A.E. 1020 steels because it was felt that the 
1010 steel would be freer from difficulties introduced by 


carbon, steel. steel 


hardening of the steel during welding. In a manner 
similar to that previously employed in investigating the 
welding of the thicker gage materials, the influence of j 
projection diameter and height, weld time and current, 
weld diameter and electrode force were studied. The 
general procedure followed and the results obtained are 
outlined below. 

Projection welds were made using spherical projec- 
tions of 0.08-, 0.10- and 0.14-in. diameters with heights 
These welds were sec- 


ranging from 0.007 to 0.025 in. 
tioned and examined metallographieally to observe the 
effect of the welding variables on weld formation. Nor- 
mal tension and shear tests were also made on these 
welds to evaluate their mechanical properties. 

Welding was first attempted on a large 175-kva. 
welding machine having a mechanically operated toggle. 
Although this machine was equipped with an aluminum 
head to minimize inertia, the follow-up characteristics 
were too slow to give good results in welding the 0.040- 
The welds were quite erratic, showing incon- 
Further- 


in. steel. 
sistency in both weld diameter and strength. 
more, these welds were not always symmetrical and 


porosity was excessive in almost all cases. even though 
the electrode force was raised to a fairly high value. 
This need for a rapid follow-up of the electrode during 
projection collapse was more particularly emphasized 


in this thin gage because of the shorter time involved 


and the consequent more rapid collapse. 
More consistent results were obtained when welding 
was done on an air-operated machine which was of 


lighter construction although it was rated at 200 kva. 
The follow-up in this case was sufficiently more rapid 
to result in considerably better welds. 


WELD TIME 
In order to study the influence of weld time on the . 
projection welding of steels in this gage, welds were 


Table 2—Mechanical Properties 


Yield 

Item Material, Thickness, Strength, 
No. AISI. No. in psi. 

1 1010 0.040 oad 

2 1010 0.062 39, LOO 

3 1010 0.125 40,700 

4 1015 0.040 

5 1015 0.062 40,300 

6 1015 0.125 46,000 

7 1020 0.040 

1020 0.062 49,400 
9 1020 0.125 46,650 


Ultimate Hardness 
Strength, Rockwell Elongation 
psi. “B” scale % in 2 in. 

45,350 32 
49,500 By 32 
43,600 52 30 
50,850 25 
53,200 59 32 
55,800 60 31 
51,030 52 27 
61,450 70 23 
60,200 70 27 
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made with 2-, 5-, 10-, 15- and 20-cycle weld times, 
utilizing a projection of 0.10-in. diameter and 0.025-in. 
height and an electrode force of 400 Ib. The variation 
of fused zone diameter with welding current for dif- 
ferent weld times is shown in Fig. 1. The welding 
current was varied from the point where there was no 
fusion to a condition in which metal expulsion or elec- 
trode adherence occurred. Very poor results were ob- 
tained with a weld time of only 2 cycles. 


DIAMETER OF FUSED ZONE - INCHES 
6 


crc.es 
crc.es 
ELECTRODE FORCE 
crc.ces 400 


6000 8000 
WELDING CURRENT - AMPS 


Fig.1 Variation of weld fused zone diameter with welding 
current for different weld times 


A few fusion zones were obtained with this weld time 
but only at very high current values. The excessively 
high current caused some surface melting, spitting, 
from between the sheets and irregular projection col- 
lapse. The resulting weld sizes and weld strengths 
were most erratic and unsatisfactory. Using a 5- 
cycle weld time, fused zones were produced ‘at much 
lower values of welding current. These welds were a 
definite improvement over the 2-cycle welds, but the 
welds were still somewhat erratic in size, shape and 
strength. Evidently this weld time was still too short 
to allow for proper projection collapse and weld forma- 
tion. Insufficient weld period does not permit the heat, 
which is initially generated primarily at the projec- 
tion itself, to spread into the surrounding metal. This 
surrounding metal supports the embossed projection. 
During welding it should soften from the heat of the 
welding current, permitting the projection to collapse 
uniformly. Very short weld times also result in rapid 
projection collapse. If this collapse is too fast, the 
upper head of the welding machine will not be able to 
follow sufficiently rapidly and the necessary elec- 
trode force is not maintained throughout the welding 
period. 

Welds made at weld times of 10 cycles or longer were 
much more satisfactory. Projection collapse was more 
even, the weld fused zones were more symmetrical and 
the weld strengths were more consistent with this 
longer time. The influence of weld time in the range 
of 10 to 20 eyeles is not very appreciable. From Fig. 1 
it can be seen that for a given weld current the size 
of the fused zone is not greatly increased as the time is 
increased from 10 to 20 cycles. This condition is de- 


JANUARY 1949 


WELO TIME 
O wcrc.es 
@ (5 CYCLES 
@ 20 crcLes 


| 
| 


| 


WELD STRENGTH 


NORMAL TENSION 
T 


| 
+— 
| 


+ 
| 


PROJECTION 
0- 0.10" 
| | #- 0.011" 
oe T t ELECTRODE FORCE 
375 


4000 5000 6000 7000 


WELDING CURRENT- AMPS. 


Fig. 2 Effect of weld time on weld strength using a 0.011- 
in. projection height 


sirable since it indicates that, within this range, a 
slight unintentional variation in the duration of the 
welding period would not greatly affect the size and 
strength of the resulting welds. 

The effect of weld time on projection weld strength is 
shown for two different height projections in Figs. 2 
and 3. For a given welding current, slightly higher 
strength is obtained with the larger welds resulting 
from the longer weld times. This is true both for the 
shear and normal tension tests in both projection 
heights. The welds made in 10, 15 and 20 cycles were 
all rather satisfactory with regard to consistency but 
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slightly better consistency was secured with a 15-cycle 
No noticeable 


weld time as contrasted to 10 cycles. 
improvement resulted from increasing the weld time to 
20 cycles and since unwarranted extra time is objection- 
able from the standpoint of production schedules, a 
weld time of 15 cycles was selected. 


PROJECTION DIAMETER 


Projections having diameters of 0.08, 0.10 and 0.14 
in. with varying heights in each diameter were welded 
in order to determine the effect of projection diame- 
ter on welding characteristics. The welds made using 
the 0.08-in. projection diameter were not satisfactory. 
They had lowered and rather erratic strengths. The 
fused zones tended to be insufficient in size and were not 
It was concluded after 


always symmetrical in shape. 
investigating the 0.08-in. diameter 
heights from 0.007 to 0.022 in. that this diameter was 
too small for satisfactory projection welds in 0.040-in. 


projection in 


steel. 

Welds made with projections of 0.10 and 0.14 in. 
were much more satisfactory than the welds made with 
welds much 


the smaller projections. These were 
more consistent in fused zone, shape and size and also 
in weld strength. Within this range of projection 
diameters, the diameter was not especially critical, 
the consistency being fairly good for both values and 
the welds being quite symmetrical. In Fig. 4 the shear 
and normal tension strengths are plotted for welds 
made using 0.10 and 0.14-in. diameter projections. 
The height of both projections was 0.025 in. It can 
be seen that there is not great difference in strength for 
welds made with these two different projection diam- 
ters. It is especially interesting to note that the weld 
strengths obtained for these two projections with the 
same welding current did not differ greatly. In the 
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Fig. 4 Influence of projection diameter on weld strength, 
ALS A. 1010, 0.040-in. steel 
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thicker steels it was generally found that larger projec- 
tion diameters required greater weld currents to 
achieve the same size welds and equal weld strengths. 
The ratio of normal tension to shear strength for the 
welds made with these projections is shown in Fig. 5. 
This ratio is an indication of the ductility of the weld 
which is a most important property to be considered. 
It can be seen that this ratio is quite low for small 
welds, increasing from about 25 to 50°; with increasing 
welding current. This ratio is more constant over the 
major portion of the range for the 0.14-in. projection 
diameter than for the 0.10-in. projection. The shear 
and normal tension strengths for welds made using the 
0.14-in. diameter projection are slightly greater than 
for the welds made with the smaller projection. For 
these reasons, the 0.14-in. projection was considered, 
in general, to be better for welding the 0.040-in. steel. 
However, it must be remembered that good welds can 
be obtained with both projection diameters and that 
the precise value selected in this range is not critical. 


PROJECTION HEIGHT 

Several different projection heights were investigated 
in each of the three different projection diameters. The 
effect of projection height on weld strength for the 0.10- 
in. diameter projection, can be seen in comparing Figs. 
2and 3. The weld strengths shown in Fig. 2 were ob- 
tained with a projection height of 0.011 in. whereas 
Fig. 3 shows similar data for a 0.025-in. height projec- 
tion. In the latter case the electrode force was in- 
creased from 375 to 400 Ib. to overcome the greater re- 
sistance of the higher projection to complete projec- 
tion collapse. Maximum strengths are approximately 
equal for both projections but it may be seen that 
higher strengths can be obtained over a wider range of 
welding current for the higher projection. Further- 
more, better consistency in strength was obtained for 
the welds made with the higher height. For these rea- 
sons the 0.025-in. projection height was chosen as being 
the most desirable. 
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In welding the 0.062- and 0.125-in. A.LS.I. 1010 
steel, it was found possible to obtain good weld strengths 
and plug-type failures in the normal tension test even 
though no fused zone was produced. This was achieved 
by using a projection with a height equal to about 25% 
of its diameter. The work done on the metal at the 
bond during projection collapse was sufficient to cause 
excellent adhesion by means of pressure welding. In 
order for satisfactory pressure welding to occur, that is, 
welding without actual melting of the metal, it is 
necessary to have a certain amount of plastic working 
of the metal. This working promotes grain growth 
across the interfaces resulting in a good bond without 
actual fusion. In welding projections of lower height 
in the same material, there was insufficient working 
of the metal to cause pressure welding. Hence ade- 
quate strength was not obtained with the low projec- 
tion unless melting was present. 

In the 0.040-in. material, projection collapse oc- 
curred so much easier than in either the 0.062- or 
0.125-in. material that insufficient working of the metal 
was obtained to cause pressure welding. This was 
true for the high as well as the low projections. Conse- 
quently it was not possible to secure welds with appreci- 
able strength unless a fused zone was produced, re- 


gardless of the projection height. 


WELD DIAMETER 


The strength of a projection weld is generally directly 
proportional to the size of the fused region. As just 
mentioned, it was not possible to obtain adequate 
strength without a fused zone in the 0.040-in. steel 
It was further found that consistency in weld size and 
weld strength was reached only as the fused zone diame- 
ter was increased so that it was at least equal to the 
diameter of the projection. When using a 0.14-in 
diameter projection, a weld fused zone of 0.17 in 
proved to be very satisfactory. If the fused zones were 
increased much beyond this size, there was a tendency 
for them to become rather unsymmetrical both in 
shape and in relation to the location of the original 
projection. Excessively larger welds also expelled 
molten metal from between the sheets unless the elec- 
trode force was greatly increased. On the other hand, 
welds of insufficient diameter failed in the normal ten- 
sion test by tearing through the weld; only the larger 
welds failed by pulling a plug out of one of the sheets 
The plug type of failure is always desirable since it 
not only denotes good strength but also is generally as- 
sociated with good consistency and dependability. 
A fused zone diameter of 0.17 in. was found to be the 


most satisfactory size for these reasons. 


ELECTRODE FORCE 


The electrode force was found to be a more im- 
portant variable in projection welding than in spot 
welding. The electrode foree must be sufficient to 


cause intimate contact of the projection and the 
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opposing sheet during the whole weiding process. 
Furthermore, it must be great enough to collapse com- 
pletely the projection so that no sheet separation exists 
in the finished weld. If the electrode force is exces- 
sive, the projection will collapse too early in the weld- 
ing period, before sufficient heat has been developed 
by the concentrated current. As a consequence, the 
resulting weld will be erratic and low in strength. 
It was found that better welds resulted if a slightly 
greater electrode force was used with the higher pro- 
jections. For example, a 375-lb. electrode force proved 
satisfactory when employing a 0.10-in. diameter projec- 
tion of 0.011-in. height, but this value was increased to 
400 Ib. for the 0.025-in. height projection in the same 
diameter. Since projection collapse is very easy to 
secure in the thin 0.040-in. steels, the choice of correct 
electrode force is not primarily determined by this 
consideration. Consistency, elimination of spitting 
at the initiation of the weld, the prevention of ex- 
pulsion and the minimizing of porosity are more im- 
portant factors to be regarded. For the 0.14 in.-diame- 
ter projection with a 0.025-in. height, an electrode 
force of 450 Ib. was found to be the most satisfactory. 


WELDING OF THE A.LS.L. 1015 AND 1020 STEEL 
IN THE 0.040-IN. THICKNESS 


The chief difference in welding behavior between the 
A.LS.I. 1015 and 1020 steels and 1010 steel is the hard- 
ening effect of the slightly higher carbon content of these 
two steels. The same projection used in the lower car- 
bon 1010 steel was found most satisfactory for the 
higher carbon steels. The same weld time, electrode 
force and welding currents were used, resulting in 
approximately the same size welds. A comparison of 
the normal tension and shear strengths of welds made 
with 0.10- and 0.14-in. diameter projections is shown 
in Fig. 6. The larger diameter projection did give 
somewhat better strength than the smaller one but the 
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Fig.6 Influence of projection diameter on weld strength, 
1015, 0.040-in. steel 
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influence of projection diameter in’ this range of di- 
ameters is seen to be not critical. This is similar to the 
results obtained for the 1010 and also the 1020 steels 
in the 0.040-in. thickness. 

The normal tension and shear strerigths for the 
three steels are plotted as a function of the welding 
current in Fig. 7. The shear strength of the welds 
in the 1015 and 1020 steels exceeded the shear strength 
of the welds in the 1010 steel, but the normal tension 
strength of welds in the two higher carbon steels was 
lower than that of the 1010 steel. The ratio of the 
normal tension strength to shear strength for the higher 
carbon steels was only about 60% of the values for the 
1010 steel. This behavior is to be expected in com- 
paring projection weld strength for two or more steels 
of differing hardness and hardenability. On cooling 
from the welding temperature, the weld and the sur- 
rounding steel which has been heated above the critical 
transformation temperature are hardened to a greater 
extent in the case of the higher carbon steels. This 
harder material is stronger but much less ductile than 
the somewhat softer A.I.S.I. 1010 welds. The shear 
strength is less affected by ductility and is more directly 
proportional to the strength of the base metal. Con- 
sequently, it is higher for the 1015 and 1020 steels. 
On the other hand, the normal tension strength of 
projection welds is critically sensitive to-ductility and 
decreases in value for the higher carbon steels. 

No plug type failures were obtained with welds in the 
1015 or 1020 steels; all welds failed by a brittle tear 
through the fused zone parallel to the sheet interface. 


RECOMMENDED CONDITIONS 


The recommended conditions for the projection 
welding of 0.040 in A.LS.I 1010, 1015 and 1020 steels 
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Table 3—Recommended Conditions for Welding A.1.S.1. 
1010, 1015 and 1020 Steels in the 0.040-In. Thickness 


Electrode force, Ib. : 
Weld time, cycles........... 5 15 


Welding current, amp... 5760 
Projection: 
Diameter, in. 0.014 
Approx. diameter of fused zone, in.... . . 0.17 


Table 4—Weld Strengths Obtained with the Recommended 
Welding Conditions 


Normal Ratio of normal 

Material, tension Shear tension to shear 
No, strength, lb. strength, lb. strength 
1010 650 1430 45.4 
1015 445 1560 28.5 
1020 390 1580 24.7 


are listed in Table 3. The normal tension and shear 
strength values obtained with these conditions are 
given in Table 4. 


MULTIPLE WELDS 


Once conditions had been established for welding 
single projections, the welding of multiple weld speci- 
mens Was investigated. In general, it was found that 
the correct values of electrode force and weld current 
were obtained by multiplying the previously estab- 
lished values for single projections by the number of 
projections. 


(a) 0.040-In. Thickness 


Specimens were made using two, three and four pro- 
jections simultaneously. Before making the final speci- 
mens to compare the multiple weld strength with 
single weld strength, the effect of projection spacing was 
studied. As had been previously noted in welding the 
thicker steels, the strength of a two-weld assembly in- 
creased as the distance between the projections was 
increased. This is shown clearly in Table 5. 


Table 5—Double Weld Strength as a Function of Weld 
Spacing for 0.010.-In. Steel* 


Normal tension 


Spacing, in. strength, lb. Shear strength, tb. 


1080 2150 
1285 2415 
1 1300 2460 


* Projection: D = 0.10 in.: = 0.025in. Material: A.L.- 
S.1. 1010, 0.040 in. 


It can be seen that both the normal tension and shear 
strengths increased appreciably when the distance 
between weld centers was increased from ' to */4 in. 
There was some additional increase in strength when 
the spacing was increased from * 4 to 1 in., but this 
change was much less. The multiple weld specimens 
in the 0.040-in. thickness were made with a ®* ;-in. 
projection spacing. The strength of the single and 
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Double / Single 

Steel Normal tension Shear 
A.LS.1. 1010 2.07 1.62 
A.LS.1. 1015 1.62 1.34 
A.LS.1. 1020 1.38 1.41 


Table 6—Ratio of Single and Multiple Weld Strengths for 0.040-In. Steels 
Three Welds / Single 


Normal tension 


Four Welds 


Single 


Shear Vormal tension Shear 
54 2.16 3.63 2.43 
13 1.80 2.38 2.28 
88 1.82 2.30 2.52 
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multiple weld specimens for welds in 0.040-in. A.I.S.1 
1010, 1015 and 1020 are plotted in Fig. 8. 
of the multiple to single weld strengths are given in 
Table 6. These ratios are also plotted in Fig. 9 as a 
function of the 
would exist if each multiple weld specimen was equal 


The ratios 


number of welds. The ratio which 
in strength to the single weld strength multiplied by the 
number of welds, is plotted as the theoretical ratio 
It can be seen from comparing these ratios that the 
ratios decrease as the carbon content of the steel was 
increased. The ratio for the normal tension strength 
for the steels in this thickness was higher than the ratio 
for the shear strength. The strength of the multiple 
weld was generally appreciably less than would be ex- 
pected from calculations on the basis of single weld 
strength. 
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Fig.9 Ratio of multiple to single weld strengths, 0.01-in. 
steels 


(b) 06.062- and 0,.125-In. Thickness 


The multiple weld strengths and ratios of multiple to 
single weld strength values were less consistent than 
those for the 0.040-in. Correlation of the 
ratios for the different carbon contents and number of 
welds is more difficult. The weld strengths and ratios 
for the 0.062- and 0.125-in. thickness steel are listed in 
Tables 7 and 8. 

Two-, three- and four-weld specimens were made for 
all the steels in the 0.062-in. thickness. The welds 
were spaced #/, in. apart in all cases. In the double 


material. 


weld specimens, the projections were placed transversely 
to the specimen axis. In the three-weld specimens the 
welds were located at the corners of an equilateral tri- 
angle while the welds in the four-weld specimens 


formed a square with 4/s-in. sides. The values of the 


Material Single Weld Two Welds 


AJSJ. Vormal tension, Shear, Normal tension, 
Vo. lb. lb lb 
1010 1010 2000 1545 
1015 175 2300 590 


1020 125 2850 680 


Vaterial, Two Welds- 


AIST. No. Normal tension Shear 
1010 1.53 1.60 
1015 1.25 1.45 
1020 1.60 1.39 


Table 7—Multiple Weld Strengths for 0.062-In. Steels 


Shea 
Ib. 
3340 
3340 
3960 


Ratio of Multiple Strength to Single Weld Strength 


———Three Welds — Four Welds 

Vormal tension, Shear, Normal tension, Shear, 
lb. lb lb lb. 

2100 4950 2480 6130 

770 4560 1230 5830 

5790 1780 7525 


Three Welds Four Welds ~ 
Vormal tension Shear Normal tension Shear 
2.08 2.37 2.46 2.96 
1.62 1.96 2.59 2.54 
1.90 2.03 4.19 2.68 


* Projection: D =0.17in.; h = 0.042in. Electrode force, lb 
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Table 8—Multiple Weld Strength fer 0.125-In. Steels* 
Three 
Two Welds— Welds, 
Material, Normal Normal Normal 
Al tension, Shear, tension, Shear, tension, 
No. lh. lh. lb. lh. ib. 
1010 4675 6060 6460 10,870 7950 
1015 2100 8175 3120 12,630 5050 
1020 2000 7825 3360 13,030 5000 


—Single Weld— 


Ratio of Multiple Strength to Single Weld Strength 


Material, - ——Two Welds 
AIST. No. Normal tension Shear 
1010 1.38 1.79 
1015 1.49 1.54 
1020 1.68 1.67 


Three Welds, 


Normal tension 


* Projection: D = 0.30in.; h = 0.055 in. Electrode force, 
Ib. = 2000 X no. of welds. 


shear strength for these welds increased with the car- 
bon content similarly to single projection welds. The 
ratio of multiple weld strength to single weld strength 
in general decreased with increasing carbon content. 
The main exception to this generalization is that of the 
1015 steel which has slightly lower ratios than would 
be expected. The ratio of multiple to single weld 
strength was generally lower for normal tension than 
for shear tests. 

In the 0.125-in. thickness, two- and three-weld speci- 
Four-weld specimens failed in the 
plate and therefore gave no real indication of the 
In the hear test even the three- 
weld specimen was strong enough to cause failure in the 
plate so the shear strength of the three-weld specimens 
is not listed. To get values for three- and four-weld 


mens were made. 


strength of the welds. 


specimens in both shear and normal tension it would be 
necessary to increase the test specimen width from the 
2-in. width which was used throughout the investiga- 
tion to a larger size. 


EFFECT OF ELECTRODE MATERIAL 


It was felt that the material of which the electrodes 
were made might have an appreciable effect on the 
It was believed that IR 
heat developed in the electrodes might be an appreci- 


size of the resulting weld. 


able factor in the total heat of welding and that the re- 
sistance of the electrodes therefore should be considered 
in establishing correct welding conditions. 

In order to investigate this effect, projection welds 
were made in 0.040-, 0.062- and 0.125-in. steel using 
electrodes of various resistance materials. The R.W.- 
M.A. classification, and some of the properties of the 
electrode materials used are listed in Table 9. 


Table 9—Electrode Materials 
Hardness, Conductivity, 
R.W M.A. classification Rockwell B % LACS. 
Group B—elass 12 100 
Group A—elass 3 95 
Group A—class 2 80 
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The electrodes were */, in. in diameter in all cases. 
The projections and electrode forces used for the three 
different thickness of steel are listed below: 


Electrode 


force, lb. 


Thickness, Projection 

in. Diameter, in. Height, in. 
0.040 0.14 0.025 
0.062 0.17 0.042 
0.125 0.30 0.055 


The fused zone diameter as a function of the welding 
current is plotted in Fig. 10 for welds made in 0.040-in. 
steel using each of the three electrode materials. It is 
apparent from this figure that the electrode material 
influences the current requirements for making projec- 
tion welds in the thickness steel. The greater the con- 
ductivity of the electrode material, the larger must be 
the current to make a given size weld. The lower resist- 
ance material develops less I7R heat in the electrode. 
Since the size of the fused zone is determined by the 
amount of heat developed in the weld region minus the 
heat lost to the electrodes and surrounding sheet, the 
heat loss to the elee*rodes affects the weld diameter. 
The lower the tempere :ure of the electrodes, the greater 
will be the heat loss to them and consequently the 
greater current needed for making a given size weld. 
The Group A, Class 2 electrodes, having the greatest 
conductivity (80°, of T.A.C.S.), required the largest. 
amount of current for a weld. The Group B, Class 12 
electrodes, having the lowest conductivity (27-310 % of 
1.A.C.S.), required the lowest current and the Group A, 
Class 3 electrodes, with a resistance between that of the 


other two materials, required intermediate currents. 


RWMA. CLASSIFICATION 
GROUP B, CLASS 


° 


INCHES 


RWM.A CLASSIFICATION 
GROUP A, CLASS2 


| wevo TIME - CYCLES | 


T 


FUSED ZONE DIAMETER 


4 + + + +——++ 


4000 5000 6000 7000 
WELDING CURRENT - AMPS 


Fig. 10 Influence of electrode material on current require- 
ments, 0.040-in. steel 


In Fig. 11 the weld diameter as a function of the weld- 
ing current is given for welds in 0.062-in. steel for each 
of the three electrode materials. A behavior similar 
to that just seen in the 0.040-in. steel was found also 
for the 0.062-in. steel. In this case also, the current 
required for making a given size weld increased with the 
conductivity of the electrode material. This in- 
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Fig. 11 Influence of electrode material on current require- 
ments, 0.062-in. steel 

crease, however, was not so great for the 0.062-in 
thickness steel. 

The same data is plotted in Fig. 12 for welds in 0.125- 


in. steel using only the lowest and highest conductivity 


A different relationship appears to 
\t the lower 


weld currents, where there is little if any fusion, the 


For example, 


a weld current of 11,500 amp., a fused zone 


diameter of 0.30 in. was produced with the R.W.M.A 


» B, Class 12 electrodes whereas no fused zone at 


all was obtained under similar conditions with R.W.- 


Group A, Class 2 electrodes Even though the 
it was raised to 12,100 amp. with the latter elec- 
At cur- 


above 12,900 amp., the electrode material seemed 


to have little effect, the weld diameter being approxi- 


y the same for both electrodes. 


In trying to explain why the effect of electrode mate- 
rial decreased with increasing plate thickness, it must 


nembered that the same sized electrodes were used 


in making the welds in the three different thicknesses 


the current was higher for welding the thicker 
, the PR heat developed in the electrodes would 
ater. Consequently a higher electrode tempera- 
vould be produced in making welds in the thicker 
ven though the same electrode material was used 


This would mean a smaller proportion of the heat would 


to the electrodes and that a higher percentage 


1 flow into the surrounding base metal. Since a 


smaller fraction of the total heat loss would be to the 


odes, the exact amount, determined by the elec- 


material, is of less influence. A more comprehen- 


sive investigation of the effect of electrode material 


1 be necessary to investigate more thoroughly 


the quantitative effect of electrode diameter on current 
requirements. 

\ supplementary reason for the lack of dependence of 
the 0.125-in. steel on electrode material at weld diame- 


is that in this region the weld 


‘ter does not vary rapidly with current changes 
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Fig. 12 Influence of electrode material on current require- 
ments, 0.125-in. steel 


Since there is less reflection in the resulting weld diame- 


ter of minor changes in heat content, the effect of elec- 
At currents 


trode material will not be very evident. 


below this range, the weld diameter varies greatly with 
the current and the minor effect of electrode material on 
total heat content in the weld region will be reflected 


in differences in weld diameter. 


CONCLUSIONS 


1. Projections smaller in diameter than 0.010 im, 
Above 
this value, the exact diameter is not very critical, but @ 


are not satisfactory for welding 0.040-in. steels. 


diameter of 0.14 in. proved most satisfactory. 
2. Projections with heights approximately 20% of 
their diameter give greater consistency and better 


strengths over wider current ranges than lower projeé- f 


tions. 
3. Plug type failures in 0.040-‘n. A.I.S.1. 1010 steel 
could be obtained only with welds having a fused zone. 


No plug type failures were obtained for welds in 
0.040-in. 1015 and 1020 steels. 

4. When using the higher resistance electrode mate- 
rials, less welding current is generally required to make 


a given size weld. 
5. Multiple welds showed less strength per weld 
This decrease in expected weld 


than did single welds. 
strength was generally greater for the higher carbon 


steels. 
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by C. J. Osborn, A. F. Scotchbrook, R. D. 
Stout and B. G. Johnston 


FOREWORD 


HE Fabrication Division of the Pressure Vessel 

Research Committee of the Welding Research 

Council has allocated to Lehigh University an ex- 

tensive investigation designed to compare various 
steels as to their relative tendency toward brittle be- 
havior at low temperature. Two steels, rimmed and 
aluminum-killed, each in two thicknesses (°/, and 1'/, 
in.) have been selected for the over-all test program. 

Particular emphasis in this program is being placed 
on. the effect of fabrication processes involving plastic 
strain followed by heat, with or without welding, and 
subsequent strain aging. Since no standard test is 
generally accepted as a means to determine transition 
temperature it was necessary to select a test from the 
several in current use. 
It is the purpose of this report to present the results of 

a comparison of different test methods on the basis of 
which the procedure to be used in the main program 
was determined. Later progress reports will present 
test results of the main investigation. 


INTRODUCTION 


The problem of brittle failure in welded steel storage 
vessels has many features in common with the failure 
of welded ships, about which a great deal has been pub- 
lished in recent months. The increasing tendency for a 
steel structure to fail in a brittle fashion as the tempera- 
ture is lowered is known to depend on such factors as 
the stress distribution at the point of failure, geometrical 
constraints inherent in the design, the composition, 
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Fritz Engineering Lab., Lehigh University, Bethlehem, Pa 
A. F. Scotchbrook is Assistant Research E ngineer, Fritz Engineering Lab., 
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Notch Brittleness Criteria 


drison of Notch Tests and Brittleness Criteria 


® The effect of fabrication processes on steels used 
in pressure vessels—Progress Report No. 1. 
parison of notch tests and notch-brittleness criteria 


A com- 


melting and rolling history of the material and the 
forming, welding and heat-treatment practices em- 
ployed during fabrication. The precise effects of these 
factors are individually uncertain and the problem is 
made more complex by the many variables involved. 
Through many parallel investigations there is a wide 
search for a satisfactory measure of this tendency to 
brittle failure. 

Notched test specimens are commonly used to obtain 
a transition from shear to brittle, or cleavage, failure 
at temperatures in the region of atmospheric tempera- 
ture, since it has been evident from service failures that 
this transition, under service conditions, may occur at 
temperatures at least as high as atmospheric. The 
notched specimen may be used in a tension, bend, tear 
or impact test and variations in each of these forms are 
currently in use. However, the notched bar impact 
tests have been criticized on the basis that the Charpy 
test fails to differentiate between steels which have 
distinctly different transition temperatures when tested 
in wide plate specimens. A variety of slowly loaded 
notched specimen tests have been suggested as im- 
provements on the impact tests. Three of the most 
popular of these were selected for a thorough investiga- 
tion to determine the most satisfactory means of follow- 
ing the transition from shear to brittle failure, as ap- 
plied to the steels used in this particular investigation. 

Initially it was thought that the Lehigh slow notched- 
bend test, developed earlier by the Metallurgy Dept. 
at Lehigh, might not be as satisfactory as certain other 
tests, particularly in regard to the convenience and 
significance of the range of testing temperatures in 
which transition occurred. 

For the purposes of the comparison, it was agreed 
beforehand that final selection of a test should be based 
on the following considerations: 


(a) The results obtained should be reproducible 
and should show a well-defined transition 
from shear to cleavage failure in a suitable 
temperature range. This should apply to 
both types of brittleness criteria at present 
in use (see later). 
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Fig. 1 (A) Specimen used in the Kahn tear test 


(b) Convenience and cost of the test: test should 
be simple and rapid to perform, specimen 
should be economical of material and easily 
machined; testing rig should be of simple 
construction. 


EXPERIMENTAL DETAILS 


Description of Tests 


The three tests chosen for comparison were the Kahn 
tear test, the Penn State slow notched-bend test and 
the Lehigh slow notched-bend test. These have been 
described in the literature previously but the following 
brief descriptions are given for completeness and to 
point out where modifications of the original specimens 
were made. 

The Kahn tear test? is illustrated in Figs. 1 (A), (B) 
and (C). The specimen shown in Fig. 1 (A) is held by 
pins and shackles (Fig. 1 (B)) attached, through shafts 
mounted on spherical bearing blocks, to the heads of a 
standard testing machine, both specimen and shackles 
being surrounded by an insulated constant temperature 
bath as illustrated in Fig. 1 (C). 
modification of the procedure recommended by Kahn 


The only significant 


was made in testing the heavier (1'/,-in.) plate, when 
l-in. pins were necessary to hold the specimens instead 
of the usual */,-in. pins. The method of obtaining an 
autographic record of the load-deflection diagram was 
to magnify the relative displacement of the heads of 
the machine by a factor of 4, using a simple pulley and 
cord arrangement to obtain the magnification and to 
drive the recorder drum. 

The Penn State test? is illustrated in Figs. 2 (A) and 
(B). This test was conducted exactly as it was de- 
veloped at the Penn State laboratories. An autographic 
record of the load-deflection diagram was obtained by 
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Fig. 1 (B) Kahn tear test 


Showing method of holding speci- 
men by pins and shackles 


Fig. 1(C) Kahn tear test 
Showing method of loading and the 
constant - temperature bath. Note 
spherical bearing blocks to insure axial 
loading 


using a Kenyon-Burns-Young wedge-type extensom- 
eter, part of which can be seen in the upper left corner 
of Fig. 2 (B). The insulated tank which surrounds the 
testing jig and specimen during testing was removed 
for this photograph in order to show details of the Jig. 

The Lehigh slow notched-bend test! is shown in 
Fig. 3 (A) and (B). The specimen used was somewhat 
different to that developed as a weldability specimen, 
the differences being that the specimen in Fig. 3 (A) 
has a thickness of °/s in. and uses an Izod notch of only 
0.010-in. root radius, whereas the weldability specimen 
is the same thickness as the plate from which it is cut 
and the notch has a 0.040-in. root radius. In the case 
of the 1'/,-in. plate, one side was machined to leave a 
5/, in. thickness and the notches were in the rolled sur- 
face. The method of measuring bend angle by pro- 
tractors clamped to each end of the specimen can be 
seen from Fig. 3 (B) and the simple cord and pulley 
arrangement for magnifying the relative motion of the 
crossheads on an autographic load-deflection diagram 
is partly visible behind the bending jig. In this test the 
specimen is transferred rapidly from a constant-tem- 
perature bath to the testing jig, where it is tested in air. 
In following this procedure, it is known that the change 
in temperature of the specimen due to gain or loss of 
heat to the atmosphere is negligible. 

The crosshead speeds used in the three tests were as 
follows: Lehigh test, 3 in. per minute; Kahn test, 
0.3 in. per minute; Penn State test, 0.1 in. per minute. 

For all three tests, elevated testing temperatures 
were obtained | Vv electrically heating oil or water; low 
testing temperatures were obtained by adding dry ice 
or liquid nitrogen to a medium of gasoline or alcohol. 
Specimens were always held at temperature long enough 
to ensure that they had reached the temperature of the 
bath before testing. Transition curves were established 
by testing four specimens at each of six temperatures. 
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Fig. 2(4) Penn State slow notched-bend test with com- 
pression zone of specimen replaced by hardened drill rod 


Measurements Made on the Three Tests 


It has recently been emphasized‘ that transition 
temperatures determined in different tests should only 
be compared when, in each test, the same criterion of 
brittleness is used to establish the transition curve. 
The transition curves for different tests are frequently 
constructed on the basis of quite different criteria. 
Thus, in the Penn State test, the appearance of the 
fracture and the per cent laterai contraction below the 
drilled hole have been used as criteria of brittleness; 
in the Kahn test, the appearance of the fracture and 
the energy absorbed by the specimen after passing the 
maximum load are the usual criteria; in the Charpy 
test, the fotal energy required to break the specimen is 
measured; in the Lehigh slow notched bend test, the 
bend angle at maximum load and the per cent lateral 
contraction below the notch have been used; Bagsar® 
used a tear test with the maximum load as criterion; 
Kinzel® recommended a bend test using per cent con- 
traction below the notch as the criterion; and so on. 
However, it was evident in planning this comparison 
that the three tests could be compared only if all 
measurements commonly made on any one of the tests 
were made on all three. This necessitated the following 
measurements on each test: 
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Fig. 3 (4) Lehigh slow notched-bend test 
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Fig. 2(B) Penn State slow notched-bend test 
Showing specimen partly broken. Kenyon-Burns- Young extensom- 
eter visible in upper left 


1. Appearance of fracture: The percentage of the 
fracture area which exhibited a brittle or cleavage type 
of failure was measured on all specimens. 


Fig. 3(B) Lehigh slow notched-bend test 
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2. The energy absorbed by the specimen after 
passing the maximum load until the load had fallen to 
half the maximum: This was read from the auto- 
graphic load-deflection curve up to the point of complete 
failure and an end-point for all specimens was therefore 
fixed at half the maximum load. 

3. The percentage contraction in the width of the 
specimen at a point '/32 in. below the notch after frac- 
ture. A pointed micrometer was used for this purpose. 

4. The percentage reduction in width at the mid- 
point of the specimen. In the Penn State specimen 
this was measured as the percentage contraction '/s2 in. 
below the drill-hole. 

5. Certain criteria of brittleness which could not be 
measured identically in all tests. The bend angle at 
maximum load in the Lehigh test was measured by 
attaching protractors to the specimen, a procedure 
which would have been impossible in the Penn State 
test. “However, it was shown that the angle of bend 
was proportional to the displacement of the plunger in 
the Lehigh test, and this latter quantity, the bend de- 
flection at maximum load, was read from the load-de- 
flection diagram in the Penn State test. 

In the Kahn tear test, the per cent elongation on a 
2-in. gage length '/, in. behind the notch was measured 


also. 


Materials 


The plates used in the comparison came from two 
heats of steel for which the complete mill history is 
known. One heat, aluminum-killed, had been supplied 
to A.S.T.M. Specification A-201 and the other, a rim- 
ming steel to A.S.T.M. Specification A-70. Both steels 
were tested in two plate thicknesses, °/s; and 1'/, in., 
and chemical analyses for the four plates are given in 
Table 1. 


Table l—Chemical Composition of Materials 


1-201 1-70 


Each plate was tested in three conditions: (a) as- 
rolled; (b) after 10% plastic tensile strain; (c) after 
aging 2 hr. at 200° C. (392° F.) following the 10% 
tensile strain. 

All cold-worked or strain-aged specimens were tested 


7 days after the straining or heat-treatment operation. 
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RESULTS 


Method of Plotting Results 


All of the above-mentioned criteria of brittleness may 
be plotted against temperature. However, because of 
the considerable scatter obtained in the results of this 
type of work, there has been much controversy regard- 
ing the method of drawing a curve to represent the 
results.* The authors consider that there is little 
justification for the common procedure of drawing the 
“best-fitting” smooth curve through a mass of scattered 
data, and they have chosen simply to join the mean 
values for each temperature by straight lines.* This 
method has the important advantage that it is com- 
pletely independent of any personal element. 


Definition of Transition Temperature 


The method of defining transition temperature has 
been the subject of just as much controversy as has the 
type of curve to be drawn. In this report the transition 
temperature is defined as the temperature at which the 
curve, drawn as described in the previous section, has a 
value equal to the arithmetic mean of its maximum and 
minimum values. Thus, if the criterion under con- 
sideration is the per cent cleavage in the fracture sur- 
face, the transition temperature is the temperature at 
which the curve has a value of 50% cleavage. 

Recent moves to define the transition temperature, 
on the basis of fracture appearance, as the highest tems 
perature at which one specimen out of four or five 
shows more than 50% cleavage, are equivalent toe 
choosing the temperature at which the curve described 
above has a value of approximately 80°% cleavage, 
There appears to be no valid reason for choosing such @ 
point in preference to the 50°% point, which has the 
following distinct advantages: 

(1) The temperature is known to be in the middle 
of the scatter zone, whereas the most that can be said 


* Where, in a very few cases, this b ice a change in sign 
of the slope between two adjacent testing within the transition 
or seatter zone, the points at each end of nt section were by- 
passed and the straight lines drawn to the mid-point of the section 
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Fig. 4 Diagram showing types of transition curves ob- 
tained on notched specimens 


Using per cent contraction below the notch in A, B,C and D; per cent 
cleavage in E 
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for an 80% point is that it is probably near the upper 


limit of the scatter zone. 

(2) The slope of the transition curve is a maximum 
at this point and the temperature is therefore fixed with 
greater accuracy than at other points on the curve. 

The above definition applies in a straight-forward 
manner to all per cent cleavage curves as shown for 
Curve E in Fig. 4 and also to per cent contraction- 
below-the-notch curves of type A in Fig. 4. However, 
some curves, such as B and C in Fig. 4, show two defi- 
nite stages in the transition and for these curves two 
transition temperatures are defined according to the 
definition given earlier. It was found experimentally 
and is shown in Fig. 4 that transition temperatures 
defined in this way occur at two distinct temperatures 
for one steel. The temperature determined by Curve 
A and the lower sections of B and C will be called Ty 
and the higher temperature determined by Curve 
and the upper sections of B and C will be called 7g. 
The significance of Ty and Tg will be discussed in de- 
tail later. Curve D gives evidence of both 7, and Ty 
but does not have the two sudden transitions of Curve 
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Fig. 5 (4) Transition curves for I'/,-in. material 


Lehigh bend test. Criterion: per cent cleavage 
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Fig. 5 (C) Transition curves for A-70, I'/,-in. material 


Lehigh bend test. Criterion: bend angle 
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In the energy vs. temperature plots of the Lehigh ; 
bend results, some of the curves lacked points at tem- 
peratures sufficiently high to ensure that a maximum 
energy value had been reached; in this case, therefore, 
the transition temperature was taken as that giving a 
prescribed energy level (312.5 ft.-lb.) 


Experimental Results 


A complete set of transition curves for the A-70, 
1'/,-in. material is given in Figs. 5, 6 and 7. The other 
three materials showed essentially the same types of 
curves. Experimental results for all materials are 
summarized as transition temperatures in Tables 2, 3 
and 4. 

Since transition temperatures of one material accord- 
ing to different criteria applied to the same type of test 
may be as much as 200° F. apart, it was necessary to 
test over a wide temperature range with the limited 
number of specimens available. Testing temperatures 
were therefore more widely spaced than is usual when 
only one criterion is being investigated, but it is neyer- 
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Fig. 5 (B) Transition curves for 1-70, ,-in. material 


Lehigh bend test. Criterion: energy after maximum load 
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Fig. 5 (D) Transition curves for A-70 I'/,-in. material 


Lehigh bend test. Criterion: percent contraction below notch 
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Fig. 6 (A) Transition curves for A-70, I'/,-in. material Fig. 6 (D) Transition curves for A-70, I'/,-in. material 


Penn State test. Criterion: per cent cleavage Penn State test. Criterion: bend deflection 
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Fig. 6 (B) Transition curves for A-70, I'/,-in. material 
Fig. 6 (E) Transition curve for A-70, I'/,-in. material 
Penn State test. Criterion: energy after maximum load 
Penn State test. Criterion: per cent contraction below notch 


x/ AS ROLLED 
AFTER 10% TENSILE STRAIN 
—-— 4| STRAIN-AGED Table 2—Transition Temperatures in ° F., Lehigh Slow 
Notched-Bend Test 


Contrac- 
tion below 
% Brittle Energy Bend angle notch 
T Tn 


A-201, In. 
As-rolled 
Strained 
Strain-aged 

4-201, 1'/, In. 
As-rolled 
Strained 
Strain-aged 

A-70, In. 
As-rolled 

Strained 

Strain-aged 
-100 -50 150 200 4-70, 11/, In. 

As-rolled 

Strained 

Fig. 6 (C) Transition curves for A-70, I'/,-in. material Strain-aged 


% CONTRACTION 


Penn State test. Criterion: per cent contraction below drill-hole 
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Table 3—Transition Temperatures in 


° F., Penn State Slow Notched-Bend Test 


~ Contraction 


¢ Brittle Energy at drill-hole Bend Deflection ©) Contraction at notch 
Ts Ts Ts Ts Ty Ts Ts 
A-201, In. 
As-rolled =< —32 ~100 —100 
Strained —19 —26 —13 —30 -22 
Strain-aged —8 —13 —7? —13 
A-201, 1'/4 In. 
As-rolled 43 43 43 41 —100 39 —60 
Strained 21 26 18 
Strain-aged 43 40 47 27 27 
A-70, In. 
As-rolled 38 41 42 34 —00 48 — 40 
Strained 16 17 16 7 7 
Strain-aged 53 55 58 53 60 
A-70, 1! 4 In. 
As-rolled 97 98 92 —70 53 -70 
Strained 101 99 100 


Strain-aged 106 


theless believed that most of the transition tempera- 
tures quoted in Tables 2, 3 and 4 are accurate to within 
+10° F. Additional tests were made for almost all 
“as-rolled” curves in order to check certain ideas sug- 
gested by the original 24 specimens; this accounts for 
the larger number of points on the “as-rolled” curves in 
Figs. 5, 6 and 7. 

‘It should be mentioned that ‘autographic load-deflec- 
tion curves on these tests can only be obtained by using 
the movement of the heads of the testing machine as a 
measure of the deformation in the specimen. Particu- 
larly in the Penn State and Kahn tests, using high loads 
and small deflections, the measurement of the energy 
absorbed after passing the maximum load therefore 
involves inaccuracies due to elastic deflection in the 
head of the machine. Also, in all three specimens ap- 
preciable deformation occurs in regions removed from 
the notch, but the energy associated with this deforma- 
tion is absorbed prior to the maximum load and does 
not affect the measurement of energy after maximum 
load. 


DISCUSSION OF RESULTS 


Comparison of Criteria 


The results in Table 2 and Fig. 5 show very clearly 


that the Lehigh bend test divides the brittleness criteria 


into two distinct groups: Group I, comprising the 
fracture appearance and the energy after maximum 
load, giving transition temperatures between 100 and 
200° F. higher than Group II, which consists of the 
bend angle at maximum load and the per cent contrac- 
tion below the notch. Group I criteria have a transition 
curve as in Type E of Fig. 4. The agreement between 
transition temperature according to different criteria 
in the same group is generally good. 

In the Penn State test and Kahn tear test similar 
groups of criteria may be distinguished except that 
Group II criteria here show curves of types B, C and D 
in Fig. 4, instead of Type A. Curve B may be regarded 
as an ideal curve from which experimental curves fre- 
quently deviate toward either C or D. Group I criteria 
invariably show the simple Type EF curve. (See Figs. 
5 (A), 6 (A) and 7 (A).) 

Now, although the actual temperatures vary from 
test to test, each of the three tests does distinguish two 
different transition temperatures, one (7',) some 100- 
200° F. higher than the other (7',). Group I criteria 
may be defined as those which show only the high tem- 
perature transition at 7's, while Group II criteria are 
those which are influenced by the transition at T'y 
The latter (7'y) is clearly shown in the Lehigh bend test 


Table 4—Transition Temperatures in ° F., Kahn Tear Test 


Con- 


traction 
at Mid- Contraction 
be “~ Brittle Energy point below Notch Elongation 
Te Te Te Ts Tw Te T's 
A-201, In. 
As-rolled 28 14 20 —120 
Strained 60 32 55 
Strain-aged 73 65 —60 
A-201, In. 
As-rolled 87 57 87 50 —100 50 — 120 
Strained 102 93 100 86 my 90 
Strain-aged 140 140 138 141 ae 140 
\-70, In. 
As-rolled 60 60 58 57 —110 62 — 100 
Strained &S 85 85 85 85 
Strain-aged 103 83 95 105 ; 110 
A-70, 1'/4 In. 
As-rolled 145 156 125 134 —35 142 —45 
Strained 192 106 182 175 = 175 
Strain-aged 168 170 
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and its existence is demonstrated in both the Penn 
State and Kahn tests, although here Group II criteria 
also show evidence of the upper transition (7',). Con- 
sideration may now be turned to the significance of the 
two temperatures 7’, and T'y. 

Two important observations may be made on this 
subject: 

(1) In terms of the load-deflection diagram ob- 
tained during testing, Group I criteria are measures of 
the energy absorbed after passing the maximum load, 
while Group II criteria are either measures of the 
energy absorbed by the specimen up to the maximum 
load or are very strongly influenced thereby. 

(2) TZ, clearly corresponds to the transition in the 
fracture appearance (curve Z in Fig. 4), but at tem- 
peratures far below 7’, a small zone immediately below 
the notch continues to fail in a ductile manner. It was 
verified, for each of the three tests investigated, that 
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(4) Transition curves for A-70, I'/,-in. material 


Fig. 7 


Kahn tear test. Criterion: per cent cleavage 


Kahn tear test. 
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Criterion: per cent contraction at mid-point 
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Kahn tear test. 
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1-70, I'/,-in. material 


Fig. 7 (B) 


Kahn tear test. 


Transition curves for 


Criterion: energy after maximum load 
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Transition curves for 


per cent contraction below notch 


1-70, I'/,-in. material 
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Ty corresponds to the transition in fracture appearance 
in this small zone below the notch. 

Thus, 7'y may logically be considered as the tempera- 
ture of transition from a shear to cleavage mode of 
fracture under the stress conditions imposed by the 
notch machined in the specimen surface, while 7’, is a 
similar transition temperature for the stress conditions 
existing at the base of a sharp crack formed by shear 
fracture immediately below the notch. The funda- 
mental effects of geometry and stress conditions on 
transition temperatures have been discussed very fully 
in the literature» * and it would be expected from the 
known principles that 7',, the transition temperature 
for the sharper effective notch, would be appreciably 
higher than Ty. The magnitude of this effect may be 
gaged from the fact that, using the °/s-in. Lehigh bend 
specimen on A-70, 1'/,-in, plate, Ty for a notch of 
0.010 in. radius was found to be about 80° F. higher 
than for a notch of 0.040 in. radius. Stout and Me- 
Geady* have recently published results of investiga- 
tions in which 7'y varied by as much as 100° F. between 
notches of different severity. 

Moreover, since 7, is higher than 7'y, the transition 
at temperature 7, occurs in metal which has been 
plastically deformed prior to and concurrently with 
initial shear fracture at the root of the notch. The tem- 
perature 7’, is therefore a characteristic of deformed 
metal and not of the metal before it is tested. Table 
2 shows that a 10° plastic strain may raise 7'y by as 
much as 100° F., so that this effect, together with that 
of the different effective notch severities, can readily 
account for differences between the temperatures T, 
and Ty of the order of magnitude encountered in Tables 
2,3 and 4. 

The practical implications of this discussion of the 
wo transition temperatures are very important. The 
emperature 7',, which is determined when fracture 

ppearance, energy after maximum load, ete., are em- 
loyed as the brittleness criterion, is the transition 
smperature of the material after a severe but indeter- 
Minate cold deformation. The stress system producing 
the transition is that obtaining at the base of a ¢rack. 

On the other hand, the temperature 7'y influences 
only those criteria which fall in the Group II defined 
above, and is the transition temperature of the material 
under the stress system prevailing at the base of a 
machined notch. It should be pointed out that the root 
radius of the machined notch changes during a test and 
the radius at failure is different in different steels. 
However, Group II criteria possess the important prop- 
erty of being sensitive to notch acuity and other sur- 
face or near-surface effects to which 7, and the Group I 
criteria are completely insensitive. In some cases, such 
as the Lehigh Weldability Test, welding effects may be 
regarded as surface or near surface phenomena having 
little or no effect on 7, and Group I criteria. 


Comparison of Tests 


The original object of this investigation was to com- 
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pare the three tests on the basis of the considerations 
outlined above (see Introduction). The following con- 
clusions were reached as a result of the experience gained 
in performing the large number of tests reported herein: 

(a) Results. (1) Transition Temperatures: As 
can be seen from Tables 2, 3 and 4, there was little to 
choose between the tests with respect to the tempera- 
ture ranges in which the transitions occurred. 

(2) Effect of Criterion: The Lehigh test was the 
only one to determine T'y satisfactorily. 7, could be 
determined equally well by all three tests, although the 
transition zone was wider in the Lehigh test than in 
the other two. 

(3) Reliability: The Penn State results conflicted 
with those of the other tests and were inconsistent 
within themselves, in that the 1'/s-in. A-201 and 
5/-in. A-70 plates showed transition temperatures 
after straining, and sometimes even after strain-aging, 
which were lower than those of the as-rolled materials. 

(b) Convenience and Cost of the Test. (1) Machin- 
ing: There was little to choose between the three tests 
in the matter of machining time but the Lehigh and 
Kahn tests probably had an advantage over the Penn 
State test. 

(2) Testing Rig: The Lehigh test setup was the 
simplest of the three, but both the bend tests were 
much simpler than the Kahn test. The latter was the 
only one in which regular replacements of any parts, 
in this case the pins, were necessary. 

(3) Ease and Speed of Testing: Here again the 
bend tests were definitely superior to the Kahn test, 
with the Lehigh test somewhat quicker and more con- 
venient than the Penn State test. 

(4) Size of Specimen: The Penn State test was 
considerably more economical of material than the 
Kahn and Lehigh tests, the latter using slightly more 
than the Kahn. 

It was decided on the basis of these findings to adopt 
the Lehigh slow notched-bend test for future work re- 
quiring transition curve determinations. The fact that 
the Lehigh notch is in the surface is apparently unim- 
portant, even with the A-70 steel, as the Lehigh results 
conform quite well to the pattern of the Kahn test 
results. 

Values of 7, determined by the Lehigh test were 
generally slightly higher than those determined by the 
Kahn test, these in turn being some 50° F. or so higher 
than those of the Penn State test. It seems probable 
that these differences in 7, can be explained on the 
basis of specimen geometry, the greater restraint due 
to the greater width of the Lehigh specimen and the 
greater notch depth of the Kahn tear specimen being 
responsible for the higher values of 7’, in these tests. 
However, there are two factors to complicate this 
simple picture; firstly, the speed of testing is different 
in each test; secondly, the amount of cold-work pre- 
ceding failure is probably different in the three tests. 

The values obtained for Ty were not very reliable in 
the Kahn and Penn State tests but generally speaking 
they were both lower than the 7'y value given by the 
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Lehigh test. This, also, is probably due chiefly to dif- 


ferences in geometry. 


Effect of Materials 


The effect of cold work and strain-aging on the 
transition temperatures of A-70 and A-201 steels is to 
be the subject of a future paper but some conclusions 
may be drawn from the results presented Tables 
2, 3 and 4. 

In all tests 7’, was considerably higher for the rim- 
ming steel than for the aluminum-killed steel as-rolled. 
In the Lehigh and Penn State tests the difference was 
very close to 60° F.; in the Kahn test it varied from 30 
to 50° F. Except for the inconsistencies in the Penn 
State results mentioned above, 7’, generally increased 
after cold-work and increased further after strain aging. 
The increase in 7, due to strain aging was approxi- 
mately the same in both steels. 

The effects on Ty may be judged only from the re- 
sults of the Lehigh test in Table 2. It appears from 
these, however, that Ty may not be as susceptible to 
differences in deoxidation practice as is 7’, but that it 
is very sensitive to strain-aging effects. 

Two chemical factors have been suggested recently 
as governing the value of 7,; they are the nitrogen 
content'® and the Mn:C ratio." It is interesting to 
note that although the two steels investigated had 
approximately the same nitrogen content, 7’, for the 
rimming steel was 60° F. higher than for the aluminum- 
killed steel. 
tent is of more significance in strain-aging phenomena 
than in the consideration of transition, temperatures, 
and in this connection it is of interest to recall that the 
effect of strain-aging on 7’, and 7, was much the same 
in both steels. 

From Table 1 it can be seen that the two steels have 
Mn:C ratios of almost 2 for the A-70 steel and about 
3'/s for the A-201 steel. According to Barr and Honey- 
man,'! the higher Mn:C ratio should correspond to a 
lower value of 7, and it is believed that the higher 
Mn °C ratio of the A-201 steel contributed to its lower 
transition temperatures. 


The authors consider that nitrogen con- 


Effect of Plate Thickness 


In all tests, 7, for the 1'/4-in. material was about 
606 F. higher than for the corresponding °/;-in. material. 
In the Penn State and Kahn tests this may have been 
partly a result of geometrical differences but since the 
Lehigh specimens, which were machined to the same 
geometry, showed the same effect there was clearly a 
difference in the materials being tested. 

Using the Lehigh slow notched-bend test, transition 
curves were determined on °/s-in. thick specimens 
normalized 1 hr. at 1600° F. before notching for both 
steels in both thicknesses. The results are summarized 
in Table 5. It is evident that while some difference 
remained between transition temperatures correspond- 
ing to parent plates of different thickness, this differ- 
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Table 5—Transition Temperatures for Normalized 
Materials 


A-201, in. —55 —110 


A-201, 1'/, in. -25 -115 
A-70, °/s in. 51 —91 
A-70, 11/4 in. 410 —85 


ence was largely removed by the normalizing treat- 
ment. This suggests that such differences were largely 
the result of the different cooling rates experienced by 
plates of different thickness in cooling from the finishing 
temperature after rolling. 


CONCLUSIONS 


1. Each of the three notch tests investigated could 
be used to determine two types of transition tempera- 
ture depending on the brittleness criterion used. 

2. The upper temperature, 7',, is that determined 
by a group of criteria of which the fracture appearance 
is usually the most satisfactory; it is the transition 
temperature of the material after considerable cold- 
work and under the stress conditions pertaining at the 
base of a sharp crack. 

3. The lower temperature, 7'y, from 100 to 200° F. 
lower than 7’, is best determined by using the per cent 
lateral contraction below the notch as the criterion of 
brittleness; it corresponds to the transition temperature 
of the undeformed material under the stress system im- 
posed by the machined notch. 

4. Of the three notch sensitivity tests examined, 
the Lehigh slow notched-bend test was considered the 
most satisfactory. 
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by T. N. Armstrong 


T IS generally established practice in comparing ma- 
terials of construction to classify such materials on 
the basis of mechanical properties determined by labo- 
ratory tests, but before a material is widely applied in 
engineering structures it is desirable, and certainly 
reassuring to the designer and the ultimate user, to be 
able to refer to successful experience with similar 
structures of the same material, operating under com- 
parable conditions of stress and environment. Obvi- 
material is subjected rather critical 
scrutiny as it has no history of operating per- 
formance. To bridge this gap, tests frequently are 
made on model or pilot structures, imposing conditions 
that are equally or more severe than anticipated 


ously, any new 


actual service. 

The high mechanical properties of 8! 
created considerable interest among users of pressure 
vessels that are required to operate at liquid air tem- 
peratures and although laboratory tests at —320°F. 
on welded and unwelded specimens indicated a consid- 
erable degree of toughness at the temperature of liquid 
nitrogen,', ? there was some hesitancy in applying the 
material for commercial installations, even though the 
economics were favorable. 


nickel steel 


T. N. Armstrong is is with the Development & Research Division of The 
International Nickel Co., Ine., New York, N. Y. 
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Impact Tests of Pressure Vessels at —320° F. 


® Tests of welded pressure 
under shock loading at the temperature of liquid nitrogen 
and comparison with carbon and stainless steel vessels 


vessels of 8'/,% nickel steel 


In order to determine how welded pressure vessels of 
S! ©], nickel steel would behave under shock loading at 
very low temperatures, several small vessels were con- 
structed and subjected to impact when filled with liquid 
nitrogen. A carbon steel vessel and a stainless steel 
vessel also were included in the test. 


DESIGN OF VESSELS 
Except for differences in materials and in heat treat- 
ment, design details, Fig. 
same. This particular design was selected as it incor- 
porated most of the features associated with full size 
The vessels were approximately 


for all vessels were the 


commercial vessels. 
42 in. long by 12 in. in diameter with ' ,-in. wall. 


MATERIALS 


All materials were from commercial melts. The car- 
bon steel wrapper sheets and heads were specified to 
meet requirements of A.S.T.M. Specifications A201, but 
it will be noted that neither the chemical nor the physi- 
cal requirements were met in either the heads or the 
wrapper sheet. This discrepancy was not detected 
until after the vessels had been tested, but it is believed 
that it had little bearing on the results of the low tem- 
perature tests. 

Analyses of the steels were as follows: 


Table 1—Chemical Analysis, 


Type steel %C % Mn 
Carbon, heads 0.16 1.22 
Carbon, wrapper sheet 0.21 0.31 
8'/2% nickel (AISI 2800) 0.10 0.74 
Stainless (AISI 304) 0.09 1.35 


Samples Taken from Vessels After Test 


% Si %P %S % Ni % Cr 
0.24 

0.01 

0.27 0.010 0.023 8.69 

0.50 0.025 0.020 9.03 18.67 


Armstrong 


-~Low-Temperature Tests of Vessels 


WeLpING RESEARCH SUPPLEMENT 


4 
+ 
x 
| 
4 
tf 
Mect 
4 


) 

NOTE: SURAUSH /NO 

STEEL 

at 964 our 
TVPE 


FLOOR LEVEL 


2)'SC@ 40° 


BNC THOS 
4) QUICK-ACTING NI 


DETAIL OF HEAD WELOS 
ELONG/TULINAL SEAM 


FORMED 


88821227 


S-3°LG 


NU * 
= 


4-4 


ac. 


ELL IPSIOIONL 
MEADS 4 


© 


50°F MOU. 34 STEEL 
COOL (NAIR. PPEMEAT nae 


COOL. 
MEAT TREAT 
SAME OL FORE MEL 


Aster! | 


£008 
OVRINEG 


Fig. 1 Experimental vessel 


2 
i 


4 
j 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


(4) 8862/2268 


94% STEEL, ENCEPT ASWOTEO 
SHEL 


96 FEST VESSEL 


JANUARY 1949 


Fig. 2 Test jig 


Low-Temperature Te: 


of Vessels 


35-s 


| 
= 
32 | 
= 
| | 
fer ® | | 
Hf 8 
4 A \ 
| \ / 
| 
L 
= 
GOR 
2 
a 
| 
= 
| 
4 YZ 
UZ Y 
2° Y 
| 
4 4 
| 
z 
Armstrong) 


Representative tensile properties of the three steels, 
based on tests of cylindrical 0.505-in. specimens are as 
follows: 


" Yield strength, Tensile strength, Elongation in 
Type steel psi. psi. 2in., % 
Carbon (A201) 37,200 62,300 
8'/2% Nickel 92,000 110,000 
Stainless 35,000 85,000 


Heads were hot formed, and heads and plates were heat 
treated as follows before fabrication: Carbon steel, 
normalized 1650° F.;S' .©7 nickel steel, double nor- 
malized from 1650 and 1450° F.; stainless steel, an- 
nealed (quenched) from IS00° F. 


FABRICATION 


Details of design are shown in Fig. 1. Backing 
strips were used for the longitudinal seam and one cir- 
cumferential seam but not for the closing circumferen- 
tial weld. The following vessels were gonstructed for 
test: 


COOLING 


Tests were conducted to determine the liquid nitrogen 
level required to maintain a test temperature below 
—300° F. on the surface of the vessel. It was found 
that even when the vessels were well insulated there 
was a tendency for the outside surface temperature 
above the liquid level to equalize at a temperature well 
above —300° F., and it was concluded that the only 
means of insuring a surface temperature of — 300° F., or 
below, was to test the vessels when filled with liquid 
nitrogen. Measurement of the surface temperature 
when the opposite surface was in contact with liquid 
nitrogen, gave readings within the range —305 to 
—320° F. 

It was interesting to note that the liquid level in the 
vessels could be observed from the appearance of the 
outer surface. Heavy frost formed on the portion in 
contact with vapor, but dew (liquid oxygen from the 
atmosphere) formed on the portion in contact with 
liquid nitrogen. If the pressure was increased by stop 
ping off the outlet, the entire outer surface frosted up. 


Type of material 
Carbon steel 
8'/.% nickel steel 
8'/.% nickel steel 
8'/.% nickel steel 
Stainless steel (Type 304) 


Backing strip 
Carbon steel 

Stainless steel 
Stainless steel 
Stainless steel 
Stainless steel 


Weld rod Stress relief 
1100° F. for 2 br 
25-20 (Type 310) 1050° F. for 4 hre 
80% Ni-Cr Alloy 1050° F. for 4 hr. 
25-20 (Type 310) None 
18-8 (Type 304) None 


All welds were made with °* 3-in. electrodes in one pass. 
A preheat of 200° F. was used for the 8!“ nickel steel 
vessels although subsequent work indicated that pre- 
heat is unnecessary. 
INSPECTION 

After fabrication, major joints were completely X- 
rayed and defective areas (porosity) chipped out and 
rewelded. Each vessel was subjected to 700 Ib. hydro- 
static test. The pressure was maintained constant for 
approximately 15 min. without any drop in the pressure 
gauge or evidence of weeping. 


4 


Fig. 3 Test of vessel filled with liquid nitrogen at instant 
of impact 


LOW-TEMPERATURE TESTS OF VESSELS 


Each vessel was filled with liquid nitrogen and sub- 
jected to impact loading by dropping a weight from a 
height of 5 ft. Details of the test jig are shown in Fig. 
2. A tup with a */,-in. spherical radius was attached to 
the bottom of the weight and formed the contact with 
the vessel except when the weight was dropped on the 
flange of the nozzle. In some instances to strike the 
desired location, it was necessary to rotate the vessel so 
that the nozzle, which was open, would be as much as 
45° from a vertical position. Some of the liquid nitro- 
gen spilled out, but as the weight was dropped within 


Fig. 4 Vessel of 8% nickel steel, welded with 25-20 
stainless electrodes, reheated at 1050° F. Tested at 
~320° F., 1500 ft.-lb. 
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Fig. 5 Vessel of 8'/.% nickel steel, welded with 80% 
Ni-Cr electrodes, reheated to 1050° FF. Tested at —320° F., 
1500 ft.-lb. 


two or three seconds after the vessel was positioned, 
there was practically no rise in temperature in the wall 
of the vessel not in contact with the liquid. 

A weight of 293 Ib. (1465 ft.-lb.) was dropped on each 
of the three S' .";, nickel steel vessels and on the stain 
less steel vessel. Each vessel was subjected to four 
blows at the following locations: (1) At the intersection 
of the longitudinal and circumferential seams, (2) at the 
longitudinal seam about 4 in. from the circumferential 
seam, (3) at the longitudinal seam near the nozz!e, and (4) 
on the face of the flange of thenozzle. Attempt wasmade 
to locate the blow on the plate adjacent to the weld in 
the first three tests, but in several instances the tup 
struck at the fusion line. The vessels were filled with 
liquid nitrogen before each blow. 

All of the 8'/.°7, nickel steel vessels.and the stainless 
steel vessel deformed locally, but none failed. The 
dents in the stainless steel vessel were somewhat greater 
than in the S' 
yield strength of the stainless steel. The appearance of 


o> nickel steel vessels due to the lower 
these vessels after test is shown in Figs. 3 to7 , inclusive. 

A weight of 185 Ib. (925 ft.-lb.) was dropped on the 
carbon steel vessel in a location in line with the nozzle 
and about 4 in. from the longitudinal seam and a like 


Fig. 6 Vessel of 8% nickel steel, welded with 25-20 
stainless electrodes. Tested as welded, 320° F., 1500 
ft.-lb. 
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Fig.7 Vessel of Type 304 stainless steel, welded with Type 
304 electrodes. Tested as welded, —320° F., 1500 ft.-lb. 


distance from the circumferential seam. The vessel 
shattered badly on the first blow. The fracture, Fig. 8, 
did not follow any particular pattern and occurred also 
in the backing strip and head. Appearance of the 
fracture surface was crystalline with no indication of 
shear. 

A lighter weight was used for the carbon steel vessel 
as the yield point was lower than for the other steels, 
and it was not intended to apply a force in the initial 
tests sufficient to cause the vessel to rupture in shear, 
At normal temperature’(70° F.), only local deformation 
would have occurred with the force applied in this test. 


IMPACT TEST OF VESSEL UNDER PRESSURE 


An 8'/.% nickel steel vessel, welded with 25-20 

was 
filled with liquid nitrogen and fitted with a control 
valve. The valve was adjusted to maintain an internal 


stainless steel electrodes and reheated to 1050° F. 


pressure of 100 psi., and the vessel was subj cted to two 
blows (1465 ft.-lb.). The first blow was approximately 
midway between the head and the nozzle adjacent to 
the longitudinal seam, and the other was adjacent to 
the intersection of the longitudinal and circumferential 


Fig. 8 Vessel of carbon steel, 1201, welded with carbon 
steel electrodes, stress relieved 1200° F. Tested at 
— 320° F., 1000 ft.-lb. 


Armstrong—Low-Temperature Tests of Vessels 37-s 


} [- 
. a 
= 


The stainless steel vessel and the S'/.“) nickel steel 
vessel reheated to 1050° F. deformed considerably more 
than when struck with a 1500 ft.-lb. force, but no rup- 
tures occurred and the vessels were still pressure tight. 
These vessels, after testing, are shown in Figs. 10 to 13. 
In Fig. 13, which is of the stainless steel vessel, the 
effect of the two different striking forces can be ob- 
served. 

The S' 2"; nickel steel vessel in the as-welded condi- 


Fig. 9 Vessels after test at 320° F. tion successfully withstood the blow on the first two 


seams. The surface temperature of the outer wall when 
the final blow was struck was —301° F. 

No appreciable difference could be detected in the 
effect of testing the vessels in impact when filled with 
liquid nitrogen at atmospheric pressure, and when test- 
ing in impact when filled with liquid nitrogen at a pres- 
sure of 100 psi. 

Facilities were not available to test at higher internal 
pressures without increasing the temperature. 


TEST WITH 3000 FT.-LB. 


The stainless steel vessel, one S' 2% nickel steel 
vessel welded with 25- 20 electrodes and reheated to Fig. 11 Vessel of 8'/ Ip nickel steel, welded with 25-20 
1050° F. and one S' “7 nickel steel vessel welded with stainless electrodes. Tested as welded, —320° F., 3000 
25-20 in the as-welded condition were selected for test- St.-lb. 
ing under an impact force of 3000 ft.-Ib. (2955 ft.-Ib. 
591 Ib. dropped 5 ft). These vessels previously had 
been tested with a force of 1500 ft.-lb., but as one end of 
each vessel was undented, the vessels were so placed in 
the test jig that the effects of the previous tests had no 
influence. Each vessel was filled with liquid nitrogen 
and struck in two locations, in the wrapper sheet mid- 
way between the head and the nozzle, but away from 
the weld, and near the junction of the longitudinal and 
circumferential welds. In addition, the as-welded 
S' .“@ nickel steel vessel was subjected to a third blow 
at a position next to the circumferential weld between 
the two longitudinal welds. This was the only vessel 
that had two longitudinal welds, the reason being that 
the wrapper sheet was inadvertently cut too short and Fig. 12. Vessel of 8'/.% nickel steel, welded with 25-20 
an extension had to be welded on. All tests were made stainless electrodes. Tested as welded, 320° F., 3000 
on the vessels when filled with liquid nitrogen. 


Fig. 10° Vessel of 8° J nickel steel, welded with 25-20 Fig. 13° Vessel of Type 304 stainless steel, welded with 
stainless electrodes, reheated to 1050° F. Tested at Type 304 electrodes. Tested as welded, —320° F., 3000 
— 320° F., 3000 ft.-lb. ft.-lb. 
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tests, but with the third blow, which occurred between 
the two longitudinal welds and the circumferential 
weld, a small rupture occurred which ran parallel to the 
1 


circumferential seam. This crack was only about '/»2 


in. long. When this vessel was sectioned for exami- 
nation after testing, it was found that the crack occurred 
at the edge of the backing strip and was a shear failure 
due to the stiffening effect of the backing strip rather 
than to lack of toughness in the plate. The crack can 
be observed in Figs. 11 and 12. 


PROPERTIES OF MATERIALS AFTER TEST 


There was not sufficient material available to deter 
mine the mechanical properties before the vessels were 
fabricated. Subsequent to the low-temperature impact 
tests, each vessel was sectioned and tensile and impact 
vessel wall. 
Check chemical analyses are reported in Table | 
Results of tensile tests made on flat specimens of full 


tests made on specimens cut from the 


wall thickness (approx. ' , in.) were as follows 


Charpy impact tests were made on specimens re- 
moved from the walls of the vessels after tests. It was 
necessary to prepare subsize specimens due to the gage 
of the sheet, and specimens keyhole notched across the 
narrow face. The values obtained permit comparison 
of the impact properties at room and low temperatures 


in thin gage material. The values are shown in Table 4. 


CONCLUSION 


Results indicate that small vessels of either S' 2“; 


nickel steel or 304 stainless steel are capable of with- 
standing considerable shock at liquid nitrogen tempera- 
tures. It is recognized, however, that design is one of 
the most important factors in successful performance of 
a pressure vessel, and with changes in design and in- 
crease in wall thickness, results different from those 
obtained with these vessels might be experienced 

There is already some background of successful ex- 
perience with vessels of stainless steel operating at very 
low temperatures, and it is anticipated that within the 
next few years there will be sufficient experience ob- 


Spe cimen location 


T ype steel 
Carbon 
8'/2% nickel 
8'/.% nickel 
Stainless 


Wrapper sheet 

Wrapper sheet, reheated 1050 
Wrapper sheet, As-normalized 
Wrapper sheet, As-annealed 


Table 2—Tensile Properties, Specimens Taken from Vessel Wall 


Yield 
strength, 


17,200 
86,000 
84,300 
13,000 


Tensile 

strength, Elongation Elongat on Brinell 
psi psi in 2in., % in S tn., hardness* 

71,000 31.5 23.5 140 

108,000 24.0 13.3 220) 

114,500 21.0 10.0 235 

84,000 62.0 19.0 156 


* Converted from Rockwell readings. 


Due to the necking characteristics, elongation of 
S' /.°% nickel steel in S-in. gage length is low. 

In both the carbon steel and the stainless steel, the 
weld was stronger than the plate which accounts for the 
normal elongation values. As the welds in 8S! 
nickel steel were, in general, lower in tensile strength 
than the yield strength of the plate, all of the plastic 
deformation was confined to the weld metal, resulting in 


low total elongation. These values are shown in Table 


2 


tained on fabrication and use of 8'/2%¢ nickel steel to 
determine its ultimate position in the low-temperature 
field. 
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Yield 
strength, 
Vessel Weld Reheat psi. 

Carbon steel Carbon steel 1100° I 32,000 
8'/2% nickel 25-20 Stainless 1050° F 47,300 
8' nickel 80% Ni-Cr 1050° I 48,500 
8'/2% nickel 25-20 Stainless None 50,800 
Stainless Stainless (18-8) None 40,200 


Table 3—Tensile Properties, Welded Specimens from Vessel Wall 


Te nsile Mazim am 
strength, Elongation Brinell 
pst. in 2in., % hardness* Location of fracture 
59,300 16.5 156 Outside weld, head side 
84,500 7.0 235 In weld 
85,000 6.5 229 In weld 
90,800 7.0 352 In weld 
85,300 53.0 170 Outside weld 


* Converted from Rockwell readings. 


Tested at 70° F.; location of notch 


Steel Weld Plate Weld 
Carbon Carbon, SR* 18! 12, 15 15 
8'/.% nickel 25-20, 5R 27, 26 15, 21 20 
8'/2% nickel 80% Ni-Cr, SR 25 17'/s, 19, 17 
8'/.% nickel 25-20, AW 25 20, 20 19 


Stainless Stainless, AW 


Table 4—Charpy Impact Tests Results (Keyhole Notch) on Specimens Taken from Vessel Walls Specimens 0.391 by 0.197 In. 


Tested at —320° F.; location of notch 


TAZ Plate Weld 
17 17, 20! 2. l 2, | '/s, 
20, 19'/2, 21 17, 18'/2, 18 16, 18'/s, 17 17, 16, 8 
15, 15'/s, 11 17, 17, 16 17, 18, 17 13, 14, 14 
14, 14 10 17, 16, 18 15, 15, 17 12, 8, 8 


HAZ, heat-affected zone. 


* SR, stress relieved; AW, as-welded; 
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cathode. Although we cannot give information on the 
effect, if any, of the surface condition of the cathode on 
the frequency of anode spot formation, nevertheless, 
the effect of its condition on the arcing process is pro- 
found. It is, of course, a well-known fact that small 
amounts of certain surface contaminants are capable 
of producing a marked effect on are stability, and that 
it is a matter of difficulty for a welder to strike in air 
an are between clean bright iron welding rods and a 
clean steel plate.' 

In the same section of this paper, some interest 
would attach to the derivation of data from Fig. 11. 
In this figure, are voltage is shown plotted against 
electrode separation, while in the text it is stated that 
the curve of total are voltage against are length is a 
straight line over the region studied, and that the slope 
of this line, 32 v./in., is the potential gradient in the 
are stream for the conditions of test. Are we correct in 
assuming that such a statement implies that ‘electrode 
separation” has been taken as equivalent to “are 
length”? Such an assumption would appear open to 
doubt, and indeed, from the drawings shown in Fig. 
8, it would seem that, even for the carbon cathode, 
aceurete are length determination would be difficult, 
a differlty accentuated in the case of a stecl cathode 
by the rapid motion of the cathode spot, mentioned 
later. 

teferring now to Figs. 10 and 11, and taking the 
following epproximate figures—are current, 65 amp.; 
anode spots per inch, 4.5; and anode spots per second, 
156—it is seen from Fig. 11 that the are voltage may be 
either 26 or 29 v., corresponding respectively to 
approximate electrode separations of and in.; 
while from Fig. 10 the are-voltage reading for the elec- 
trode separation of '/i,. in. quoted in the caption is 
28.5 v., an apparent disagreement with the value of 
26 v. from Fig. 11. 

In addition, further information would be appreci- 
ated on the derivation of are-voltage values from the 
oscillograms. Are the-figures used ‘“mean’’ values of 
the fluctuating are voltage, or minima? For example, 
was the oscillogram in Fig. 6 used in the derivation of 
the are-voltage curve shown in Fig. 11? The are- 
voltage figure of 30 v. quoted on the oscillogram would 
appear to correspond with the approximate 29 v. read 
from Fig. 11 for an electrode separation of 5/3. in. 
Judcirg from the oscillogram this would imply that 
are-voltege figures are mean recorded values. If, how- 
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ever, the oscillogram corresponded to an electrode 
separation of '/\¢ in., then the are-voltage figure of 
26 v., read from Fig. 11, would relate to an approxi- 
mate minimum value of are voltage recorded on the 
oscillogram, although the spread of these minima is of 
the order of several volts. 

In considering droplet formation with steel cathodes, 
the rapid and erratic motion of the cathode spot over 
the surface of the molten end of the electrode is com- 
mented upon by the authors. This is one of the features 
of the welding are which makes it a difficult arrange- 
ment to deal with experimentally. It may be, of 
course, that this erratic motion is beneficial to the 
actual welding process, but it does imply also that 
electrode gap distances for such a setup may bear but 
little relation to actual are length, a matter to which 
reference was made above. 

Later in the same section of this paper the authors 
report that in a number of instances the short circuit 
produced by a large droplet was found to be followed 
almost immediately by a second short circuit of short 
duration. It may be that such a finding is in some way 
related to the method of test. For instance, from 
general data given in the paper, it would seem that, 
from the welding standpoint, the '/,; in. diameter steel 
electrodes were under-currented, while the rapidly 
moving electrode might produee premature rupture of 
the short cireait. Have the authors investigated the 
bearing of such factors on their results? As a matter 
of interest, we would like to add that, in our own work, 
using a steel rod to plate electrode arrangement, with 
stationary contacts, but with arcing duration auto- 
matically limited to short periods, we have found that 
a brief short circuit often precedes the longer duration 
short circuit. The time interval between the two 
shorts is of the order of a millisecond. A fuller account 
of the work referred to is now in process of publication.? 

It is agreed that the provision of satisfactory expla- 
nations of the findings from such investigations as here 
considered are of importance in yielding a better under- 
standing of phenomena which can have such an im- 
portant bearing on practical processes such as welding. 
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Tensile Tests of Small-Scale Welded Joints 


® Study of the relative effectiveness of Everdur brazing 
and steel welding in joining thin metal sections. 
shielding improves strength and ductility of brazed joints 


by T. D. Tuft 


ABSTRACT 


The relative effectiveness of Everdur 
brazing and steel welding in joining thin 
metal sections has been studied. Two 
sets of small-scale welded specimens each 
embodying four common types of joints 
were fabricated from black-iron sheet and 
tested in tension. One set was made 
with Everdur and the other with steel 


or as ductile as those of steel. However, 
good Everdur butt welds may be expected 
to withstand stresses in the neighborhood 
of 30 kips. Helium shielding of the 
carbon arc used in Everdur brazing usually 
improved the strength and ductility of the 
welds. 

Failures in longitudinal tee, longitudinal 
angle and longitudinal butt joints of both 
sets of welds were characterized by initial 
fractures in the weld beads. Failures in 
specimens with transverse butt joints 
occurred in the base metal except where 
the beads were filed down before testing. 

A study of the effect of varying the 
width of tensile specimens showed that 
the behavior of standard tensile specimens 
provides only a limited index of the 
behavior of metal in « structure, as, for 
example, plating in a ship’s bulkhead. 


INTRODUCTION 


HE David Taylor Model Basin 

frequently builds and tests  small- 

scale steel models of ship structures of 
welded construction. Some of these mod- 
els involve steel less than 0.05 inch thick. 
Since the successful welding of fillets in 
such thin stock is impracticable if not 
impossible with the commercially avail- 
able steel electrodes, the Tavlor Model 
Basin usually substitutes Everdur brazing 
with the carbon are for steel welding in 
making fillet joints in these thin plates. 
This process is especially advantageous 
in model-making, as it permits the joining 
of thin plates without the usual dis- 
advantages of steel welding, e.g., high 
operating temperatures, burn-through, 


T. D. Tuft is connected with the Navy Depart- 
ment at the David Taylor Model Basin, Wash- 
ington, D. C. 
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instability of the are on small steel elec- 
trodes, large out-of-proportion deposits, 
and generally poor control. Everdur in 
models has proved satisfactory, but here- 
tofore it has been used only in struetures 
which have not been loaded beyond the 
elastic range or in which similitude of 
behavior at the connections has been of no 
particular interest 

The Taylor Model Basin was requested 
by the Bureau of Ships! to construct a 
'/e-scale model of a ship structure and to 
subject it to destructive test by under- 
water explosive loading. It is desired 
that the failures and fractures which 
commonly occur in the full-seale ships be 
reproduced in the model with reasonable 
accuracy in both type and degree. Speci- 
fications call for close similitude to the 
prototype in all structural details, with 
special emphasis on fidelity of behavior at 
the connections. Consequently in- 
vestigation of the structural properties of 
Everdur joints under both dynamic 
loading? and static loading was under- 
taken. This report is concerned with the 
static tests 


Ground Fiusn 


Weld Beads 


4 


A-& 8-8 cer 


(a) Control (6) Transverse (c) Longitudi- 
butt 


nal butt 


Helium 


TEST PROCEDURE, APPARATUS 
AND SPECIMENS 


The tests as originally planned included 
four common types of structural joints 
incorporated into small-scale tensile specl- 
mens which were tested to destruction 
in an Emery Tate testing machine of 
30,000-Ib. capacity. Samples of the four 
types of specimens are illustrated in Figs. 
1 and 2. The test specimens included 
transverse butt joints which were loaded 
normal to the weld, longitudinal butt 
joints loaded parallel to the weld, longi- 
tudinal tee sections loaded parallel to the 
fillets and longitudinal angle sections 
loaded parallel to the corner welds. The 
specimens of butt joints were made by 
cutting ordinary flat tensile specimens in 
halves either transversely or longitudinally 
and then welding or brazing them together 
again. 

Specimens of each type of joint were 
made with Everdur, using the carbon-are 
process for brazing. Similar specimens of 
the tee and angle sections were made with 
mild steel welding, using the ordinary 


| ry 
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| 
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Fig. 1 Sample tensile specimens 
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(e) Longitudinal angle 
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weld 4 

Welds of Everdur were not as strong i 

i 

Lif 

. 
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(a) Control (b) Transverse butt (ce) Longitudinal butt (d) Lengitudinal tee (e) Longitudinal angle 


Fig. 2 Fractures in specimens welded with Everdur 


metal-are process. Standard tensile cou- 
pons of the base metal were also tested. 
The base metal was black-iron sheet, the 
material which was to be used in the 
structural model. All tests were repeated 
on duplicate specimens. 

Elongations in 2-in. lengths were meas- 
ured in all specimens, and over-all elonga- 
tions in the tee and angle sections were 
measured also. Elongations were taken 
with steel dividers from punch marks on 
the specimens and measured on a steel 
scale to the nearest 0.01 in. 

Cross-sectional dimensions of all speci- 
mens were measured with micrometers 
before and after testing. The area of the 
weld beads was excluded in calculating 
stresses, unless otherwise indicated. 

As the test program proceeded, a need 
for supplementary tests of specimens 
aad joints of other proportions arose and 
such specimens were made and _ tested. 
These tests will be described later in this 
report in the section entitled “Supple- 
mentary Tests.” 


TEST RESULTS 


Table | provides a comparison of the 
effectiveness of Everdur in the four types 
of joints tested. The data from tests of 
specimens of three thicknesses representa- 
tive of those used in small-scale structural 
models are given and are compared with 
the unwelded, or control, specimens of the 
same thickness. Figure 2 shows typical 
fractures. 

Tables 2 and 3 provide the detailed 
data from the tests of the tee and angle 
sections. 
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Table 1—Tensile Tests of Everdur Joints 


Longitudinal 
of Transverse | Longitudinal | Longitudinal | “On8**uct* 
Specimen “Butte Tee Fillet | Cotner 
inches 
Maximum Stresst kips per square inch 
48 48 65 50 48 
0.105 48 48 63 51 59 
48 62 
0 - 57 2 46 
0.066 9 4 2 51 48 
58 60 39 43 
0.024 58 60 70 43 an 
58 54 | 
Yield Stresst kips per square inch 
36 32 4) 42 38 
0.105 4o 32 48 4) 39 
32 44 
39 4y 8 40 38 
0.066 37 35 5 39 38 
46 
40 38 34 
0.024 40 42 67 36 34 
40 54 
Per Cent Elongation in 2 Inches 
3 30 8.6 18 12 
0.1 3 28 7.0 18 4 
30 7.0 
33 26 6.5 8 5.5 
0.066 34 26 6.1 8 7.5 
6.0 
22 20 0.5 0.5 4.0 
0.024 19 20 6.0 2.5 4.0 
18 0.5 | 


* These welds were made using the helium-shielded carbon arc; the tee fillets were 
made with an unshielded are because results of shielding with helium were not fully 
established at the time these specimens were made. 

t The area of the weld beads was excluded in calculating these stresses. 
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DISCUSSION OF RESULTS and strength in two supposedly similar sistent size and quality is practically im- 
specimens are due mainly to variations in possible, and in small-scale work the 

It should be noted that the wide varia- the human factor in the technique of human factor is naturally magnified 
tions which frequently occur in elongation welding. To produce weld beads of con- Therefore, for the most significant com- 


Table 2—Comparison of Full-Scale and Small-Scale Welded Tee Joints 


Length | Yield Point Maximum Load Elongetion 


between Specimen Temperature Per Cent in Length L|Per Cent in 2-Inch Lengths 
Loading Number* degrees 
fahrenheit kips/in kips |kips/in per cent| Top Middle Bottom 


203-H* 33. 72.0 
Pull scale (4) ° 96.0 203-J* 16 33 1.1 


-06 
-60 


Approximately 
1/10 scale 9.6 


° 


OU Know 


Room 
temperature, 
approximately 

72 degrees 


n= 


Less than 
1/10 scale 
in thickness 


0.031 


“ 
Wo Ov 


1.72 
1.09t 


ADI ANN VN DAD Ons 


NRO PO ONIN 


0.024 9.6 


* Steel specimens are indicated by * or S; Everdur specimens are indicated by E. 
** Stresses are based on the original cross-sectional areas excluding the area of the weld beads 


+ These values were taken from curves plotted from load-elongaticn readings. All other values of yield and maximum load 
were taken directly from the dial indicator of the testing machine. 


tt These specimens were too thin to be welded with steel. 


# The fracture occurred within this 2-inch length; when the break extended into this length the span of the break was 
subtracted before computing per cent of elongation. This was always done in the case of overall elongation. 


Table 3—Comparison of Full-Scale and Small-Scale Welded Angle Joints 


Langth Yield Point** Maximum Load** Elongation 

Specimen Tenpereture Per Cent in Length L|Per Cent in 2-Inch Lengths 
| Number* Gogrece 2 2 

Heads fahrenheit kips/in kips | kips/in’ 

inches 


per cent Middle 
1490 63.6 : 20.6 
1385 38:7 17.2 
68.7 8.01 
13. 65.0 
15. 7B. 
15.7 T4. 


203-B*t 65 35- 
Pull Scale (4)| 1. 12.0 | p03-pet 65 


EA6 


Approximately 
1/10 scale 1.2 


EB6 
SA6 
SB6 


ONO] > Oro ro 


Room 
Less than temperature, 
1/10 scale approximately 
in thickness 72 degrees 


of 


ow 


2005/0000] « 


0.024 7.2 


6 


is 

= 

“Offlo-o~ 

WD] Ons Otn< 
owo 


* Steel specimens are indicated by * or S; Everdur specimens are indicated by E. All Everdur joints in these specimens 
were made with the helium-shielded carbon arc. 

*® These values were taken from the dial indicator of the testing machine; stresses are based on the original cross- 
sectional areas excluding the area of the weld beads. 

t Specimen 203-B was straightened and normalized after welding; Specimen 203-D was shot-blasted and stress-coated after 
welding. 

# The fracture occurred at this 2-inch length; when the break extended into the length the span of the break was sub- 
tracted before computing per cent elongation. This was elways done in the case of overall elongation. 
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Thickness 
inches | 
.69 
‘a 14, 12 10.5 0 
CBE 12.4 5 13.6 16 12.5 0 r 
6aS 12.8 5 15.4 114 15.54 7 
6BS 13.4 6 _%2.2 | 
5AE 7.60 
BE .30 

5BS .05 
4AS 2:30 42 

3BE 4.50t] 10.0 fiz 8 
0.066 3AS i 39 20 18.5 17 
3BS 4 .50t 3 18. 17 24.04 15 
2AE 1.75 1.67 | 1 1.0 
2BE 1.70t 3 3.85 4 3.5 4 rm 
2aS 2.06 x 6.0 3 5.0 10 
2BS 2.20 39 7.5 7 6.0 4 4 
1AEtt 1.66 38 1.30 3.004 
1BEtt 1.60t 3¢ 2.67 3.54 
| 
Thickness | 
inches | | 
11.3 5 
11.8 18.0 
40} 39 13. 
0.107 & 24:7 | | 2528 
SBS 8.00} 42 | 27.7% | 20.5 20. 
EAY 3-50 38.0 7 2-3 13.69 
EB4 5.45] 37.6 | 7 14.3¢ 
5.70 39-] | 7 18.0 13-8 
5.70} 39. 7 19.0 19.8¢ 
"60 38.2 ; 
0.005 1.2 SA3 37.9 
SB3 .80 39.9 | 
EA2 -16 28.6 | : 
2 EB2 -70 27.8 | 
T. SA2 "38 23.0 
SB2 55 | 26.2 | 
EAI .60 
EB! 60} 33. 
SA) -70 36.4 | 
SB) 78 37.9 
43-8 | 


Table 4—Strength and Ductility of Everdur Joints as Affected by Shielding the Carbon Are with Helium 


Cracking Stress|Yield Stress 
Per Cent El tion 2 |Y¥ield Stress 
Specimen in 2 Maximum Stress* kips/in kips/in® in 
,| Unshielded |Shielded|Control Control Shielded Shielded 
Longitudinal Butt Weldt 
8.0 9.6 38 56 48 36 “6 
0.1 
4.5 6.5 33 57 57 50 39 4y 
0.066 4.5 6.3 57. 47 
4.0 6.0 2h 4g 37 43 46 
; 3 1.0 0.5 | 19 52 54 58 40 36 
Transverse Butt Weldt 
1 
3.0tt 30 4o «| 48 48 40 cracks 
6.0tt 26 33 4) 47 50 39 4) 
0.066 |0. 22 4 No 
12 4 ue 49 37 cracks 
3.5tt 20 22 4y 58 40 
0.024 10.505 3 20 58 60 42 
1 184 19 57 58 58 40 39 
* ‘The maximum stress is based on the original cross-sectional area excluding the area of the weld beads. 
** The cracking stress is the load at which cracks ones appeared on the Everdur divided by the total cross- 
sectional area including the area of the weld beads 
t Unless otherwise indicated the specimens were welded on both sides. 
tt The specimen broke in the weld. 
# The specimen was welded on one side only. 


parison of the properties of welds as given 
in the tables of this report, extremely low 
values of strength and ductility should be 
ignored since they are probably due to 
local faults in the weld. 

It was found that the quality of Everdur 
welds was improved by shielding the 
carbon arc in a reducing atmosphere. 
This was accomplished by using an elec- 
trode holder which maintained a flow of 
inert gas, helium, around the are. The 


Fig. 3 Fracture in single-piece mild- 
steel tee section, showing simultane- 
ous fracture across the section (Speci- 


men 000) 
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effect of the shielded are is shown in Table 
4, which gives the results of tensile tests 
of specimens welded with Everdur shielded 
and with Everdur unshielded and of un- 
welded control specimens. The results 
indivate definite improvement with the 
use of the shielded arc, especially in duc- 
tility. The stress at which the Everdur 
first cracked was noted in the test of 
specimens with longitudinal butt welds 
made with the shielded are. Table 4 
indicates that the Everdur rarely cracked 
until a stress greater than the vield stress 


al had been attained. 


of the base met 


Fig. 4 Single-piece mild-steel tee 
section, showing no fracture after 
considerable necking (Specimen 004A) 
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Table 1 provides a comparative sum- 
mary of the quality of various Everdur 
joints, most of which were made with the 
helium-shielded are. The tensile 
mens welded with Everdur appear to have 
attained the full strength of the base 
metal except the thinnest specimens of 
tee and angle shape, which fractured at a 
approximately 30°, below the 
maximum strength of the base 


speci- 


stress 
metal 


Fig. 5 Black-iron’ tee specimen 
welded with mild steel (Specimen 
3BS) after complete fracture 


The web, upper view, failed by tearing out- 
wards after fracture started in the fillet. 
The lower view shows failure in the flange 
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(a) 


Web and flange views of Specimen 
The upper view shows that the fracture, 
ch started at the fillet, extended through 
the web and flange. The lower view shows the 
fracture in the flange 
larged view of fracture in Specimen 
SBE. is view shows that the fracture 
started in the fillet 


Fig. 6 Fracture in black-iron tee 
specimen welded with Everdur (Speci- 
men 3BE) 


the 


brazed specimens was considerably lower 


Table 1 shows that elongation in 


than in the unwelded, or control, speci- 
mens, except in those with transverse 
butt joints. In these specimens the joint 
itself did not 


but vielding occurred in the base metal 


elongate — appreciably 


above and below the joint, as shown in 
Fig. 2. 

In the longitudinal joints the Everdur 
always cracked before the base metal 
showed any signs of fracture, Fig. 6 (b 
It has been shown in Table 4 that the 
load at which cracking of Everdur occurs 
is above the vield point of the base metal. 
For longitudinal joints it is therefore 
apparent that as the elastic limit of the 
black iron is exceeded and the base metal 
begins to vield, the Everdur must go along 
with it by correspondingly yielding, or it 
must crack. Since the Everdur is less 
ductile than the black iron, probably as a 
result of having absorbed some of the 
base metal, it soon cracks 

The tee- and angle-shaped specimens 
were patterned after large specimens which 
had been tested by the Carnegie-Ilinois 
Steel Corp. in connection with its investi- 
,gation of failures in welded merchant 


3 


ships.* Except in the thickness, the dimen- 
sions were made to a scale of '/, those of 
the specimens of the Carnegie- Illinois Steel 
Corp. The specimens were made in six dif- 
ferent thicknesses The specimen whose 
thickness was most nearly '/)o that of the 
Carnegie specimens thus provided a speci- 
men of approximately '/j) scale. For each 
thickness four specimens were made, two 
joined with Everdur using the carbon-ar« 
method and two joined with mild steel by 


ordinary are welding 
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(b) 


The tee and angle sections were attached 
to the loading heads in such a way that 
the load was transmitted along the longi- 
tudinal axis through the center of gravity 
This is illustrated in 
Attachment to the loading heads 


of the specimens 
Fig. 1. 
was made by welding or brazing, depend- 
ing on the thickness of the specimen. 

Tables 2 and 3 give the detailed results 
from the tests of the tee and angle sections, 
respectively. Included are the data from 
full-scale specimens, which were taken 
from the reports by the Carnegie-[linois 
Steel Corp. 

Table 2 shows that the tee joints of 
Everdur which were nearest to actual 
1/-seale thickness give higher values of 
yield, ultimate strength and percentage 
over-all elongation than the full-scale 
specimens. Asregardsthespecimens whose 
thicknesses were not '/,9 seale, the Everdur 
specimens of 0.038- and 0.066-in. thickness 
also compared favorably with the proto- 
type; those of 0.031- and 0,024-in. thick- 
ness, although about equal to the proto- 
type in vield stress, were considerably 
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lower in maximum stress and in per cent 
Table 2 also provides data 
from the duplicate specimens welded with 


elongation 


mild steel In general the steel welds 
gave better results than the Everdur, but 
the specimens of 0.024-in. thickness could 
not be welded successfully with steel. 

In Table 3, for the angle joints of 
0.0315 in. or less in thickness, Everdur 
gave greater clongation than steel of the 
same thickness. In thicknesses of 0.065 
in. or more the Everdur gave elongations 
considerably less than the elongation of 
steel. Maximum stresses varied corre- 
spondingly Kverdur brazing of these 
specimens was conducted in a reducing 
atmosphere, as explained previously. A 
comparison between the prototype and the 
angle section whose thickness was nearest 
'/y that of the prototype shows that the 
small model with Everdur welding gave a 
yield stress about 65°) higher and a maxi- 
mum stress about 9°, higher, but ar 
elongation less than half that of the 
prototype 

The results from the tests of tee and 
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(a) 


(a) Web and flange views of Specimen 3A5. 
The upper view shows that the fracture, which 
started in the fillet, extended outward through 
the web and flange. The lower view shows the 
fracture in the flange 
inlarged view of fracture in Specimen 

view shows that the fracture 


Th 
started in the fillet 


Fig. 7 Fracture in black-iron tee 
specimen welded with mild steel 
(Specimen 34S) 


angle specimens of thickness less than 

i scale cannot be compared directly 
with those of the prototype since they are 
not true to seale. For example, if the 
specimens of 0.024-in. thickness had been 
made to '/\¢ seale in all their other dimen- 
sions they would have been roughly 1'/, in. 
long and sligh:ly less than '/, in. wide 
To fabricate or to test welded tensile 
specimens of such dimensions would have 
been impracticable. 

In the analysis of the test results it 
should be kept in mind that the small- 
scale Everdur brazed specimens were not 
necessarily intended to have the same 
structural qualities as the base metal nor 
as the duplicate specimens which were 
welded with steel. Since the objective is 
to reproduce the qualities, good or bad, of 
the full-seale structure, the pertinent com- 
parisons are those between the !/ie 
scale specimens and the full-scale speci- 
men or prototype welded with steel. 
Everdur in 
specimens made to the same seale is of 


Comparison of steel and 


secondary interest. 

The mechanical properties and chemical 
analysis of the base metal of the small- 
scale specimens, ie., black-iron sheet, 
and the metal that is most commonly used 
in full-scale structures, Grade M48-S-5 
steel, are given in Table 5. The table 
indicates a reasonable degree of similitude 
in the mechanical properties of the metals. 


SUPPLEMENTARY TESTS 


The tensile tests of Everdur jeints gave 
rise to certain questions which were given 


attention in a series of supplementary 
experiments. 


MINIMUM WELD-BEAD REQUIRE- 
MENT 


Figure 2 shows that Everdur transverse 
butt welds were of sufficient strength as 
welded to withstand the tests; the base 
metal yielded on either side of the weld 
joint, and failure occurred in the base 
metal. Table 1 shows that this failure 
eecurred at the full strength of the base 
metal. A simple test was conducted to 


Fig. 8 Specimen used to test the holding strength of Everdur fillets. 


determine how large an Everdur bead is 
required in a butt joint to maintain full 
strength and ductility of base metal of 
0.105- and 0.068-in. thicknesses. Three 
tensile specimens of each thickness with 
transverse butt joints were prepared for 
testing. One specimen was left as welded; 
the beads on the other two were filed down 
unequal amounts. Thus each of the three 
specimens had a different thickness of 
Everdur bead. The results of the tensile 
tests of these specimens are given in Table 
6. From Table 6 it appears that an area 
of weld metal at least 50°% greater than 


(The 


specimen broke about '/, in. from the fillet) 
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Table 5—Comparison of Black-Iron Sheet with the Steel Used in Full-Scale Specimens and with Other Common Steels 


Steel Used in Full- 


Scale Specimens (4) |orade mu8 SAE 1010 | SAE 1020 
Black Iron* 28-5 
203-B| 203-D — Steel (5) Steel (1) Steel (1) 


Mechanical Characteristics 


Yield point, kips per square inch 
Per cent elongation in 2 inches 
Per cent elongation in 8 inches 
Per cent reduction of area 
Brinell hardness 


Tensile strength, kips per square inch 


48.5 to 63 |62.7 58 64.4 
32 min. 35.3 30 34.0 
22 to 47 32 35 34 
26.5 34.2 131 
16.5 to 22.5/48.1 53.6 155.5 


97 


60 min. 67 75 
35 min. 55 63.7 
25 20 
24 
57 52 
137 156 


Chemical Analyses 


Carbon, per cent 
Manganese, per cent 
Phosphorus, per cent 
Sulphur, per cent 
Silicon, per cent 
Copper, per cent 
Nickel, per cent 
Chromium, per cent 


0.04 0.26 0.22 | 0.23 

0.33 0.53 0.37 | 0.47 
0.030 0.023} 0.016] 0.030 
0.023 0.034) 0.024) 0.038 
0.01 0.028} 0.032] 0.048 

0.05 0.01 0.02 | 0.03 

0.03 0.03 | 0.04 

0.02 0.01 | 0.02 


0.31 max. 0.05 to 0.15/0.15 to 0.25 
0.75 max. |0.30 to 0.60/0.30 to 0.60 
0.045 max. 0.045 0.045 
0.055 max. 0.055 0.055 
0.25 max. 

0.35 max. 

0.25 max. 


Pactory, Washington, D.C. 


* Physical data were taken from tests at Taylor Model Basin; 


the chemical analyses were made by the Naval Gun 


the cross-sectional area of the base metal is 
required to develop the full strength of 
the base metal and good Everdur butt 
be expected to withstand 
neighborhood of 30 kips 


welds may 


stresses in the 


TENSILE TESTS OF SINGLE-PIECE 
TEE SPECIMENS 

In the tests of the welded tee specimens, 
t was observed that failure apparently 
started in the fillet weld metal. However, 
in order to determine whether initial frac- 
ure was due to weakness of the weld or to 
the geometry of the section, ie., whether 
failure would start at the junction of the 
web and flange anyway, 
was machined out of a solid piece of steel 
with 


a tee specimen 


Duplicate specimens were made 
limensions corresponding to those of the 
previously tested welded 
0.066-in. thickness. They 


the original specimens, however, in that 


specimens of 
differed from 


the flange and web were not welded to- 
gether, being of one piece, and the mate- 
rial was mild steel instead of black-iron 
sheet, which does not come in stock of 
sufficient thickness to permit machining 
This 
substitution was not considered objection- 


a tee specimen from a single piece 


able, since chief interest was in the effect 
the the Test 
results are given in Table 7. 

The specimens differed somewhat from 


geometry of section. 


the welded ones in the manner of failure 
that is, failure did not occur first at the 
juncture of the flange and web. Figure 3 
shows that the one-piece specimens failed 
with a typical shear fracture after necking 
in both flange and web. Figure 4 shows 
the simultaneous necking in flange and 
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web. The fracture appeared to occur 
simultaneously across the necked section 
rather than starting first at the center of 
the flange and/or the inner edge of the 
web as in the welded specimens; see 
It is indicated, therefore, 
that failures in the the 
welded sections originating in the 
fillets were due to low ductility of the 
weld metal] rather than to the geometry of 
illustrate 


Figs. 5,6 and7 
brazed and in 


tee 


the specimen. Figures 6 and 7 
how failure in the welded tees apparently 


started in the root of the fillet. 


Table 6—Effect of Weld-Bead Thick- 
ness on Strength of Everdur Transverse 


Butt Welds 
Thickness of eres 2 |Location of 


Width Practure 


inenes | 


Weld Bead® 
inenes 


Base |Everdur 
Metal 


105 


Thickness - 0 


1 10.505 | 0.0525 
2 |0.4865) 0.0290 
3 |0.4965) 0.0225 
Thickness - 
— 
5 |9-5 0.0270 46.8 |25.5 Base mete) 
10.5 0.0125 45.5 [33.3 Base metal 
6 0.006 24.4 120.7 Weld 


* Thickness was obtained by taking one- 
half of the over-all thickness at the joint 
minus one-half the thickness of the base 
metal 

** The maximum stress is based on the 
cross-sectional area of the joint before 
loading. 


Table 7—Results of Tensile Tests of 
Tee Specimens Machined from a 
Single Piece of Mild Steel 


pecimen Maximum Stress Yield Stress|.,. 


“Number kips/in* kips/in 
000 71 
OOA 74 47 

— 
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EFFECT OF 
AND 


TESTS TO STUDY 
WIDTH ON STRENGTH 
DUCTILITY 


In the full-scale tests of welded tee and 
angle sections which were conducted by 
the Carnegie-Illinois Steel Corp.,* stand- 
ard tensile specimens were cut from the 
large specimens after failure and tested in 


tension. The small specimens gave a 
greater per cent elongation than the 
large specimens. In Reference 3. this 


difference was attributed to local faults 
in the welding of the larger specimens. 
Although the 
the question arose as to whether a small 


this was probably case, 
tensile specimen can be used to indicate 
reliably the behavior, especially the elonga- 
tion, of a metal when used in a different 
geometric form; that is, can the deforma- 
tion in a bulkhead under a certain tensile 
load be predicted from the deformation of 
a 0.505-in. round tensile specimen? 
Likewise, can the behavior of a bulkhead 
of, say, 5-in. width in a small-scale ship 
model be predicted from the behavior of 
standard flat tensile specimen of */,-in 
width? There doubt that 
tests of standard tensile specimens provide 


can be no 


an excellent means of comparison of the 
mechanical properties of various metals, 
but they do not necessarily indicate the 
behavior of the metal in a structure. 

An additional series of tests was there- 
fore conducted to study the effect of the 
width of a tensile specimen on its strength 
and ductility. Tensile coupons of black 
iron were made in four different widths 
such that the widest specimen was 16 
times as wide as the The 
widths used were 0.125, 0.5, 1.0 and 2 in 


narrowest. 
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Table 8—Tensile Tests of Black-lron Specimens of Four Different Widths for Two Different Thicknesses 


Original Ultimate Load Gap in 
sekness | width Aree, Ae] mickness| width | Arce, Pounds |Based on jBased on) inenes | per cent |100 x 

inches inches] Ao A, 

Q-1 0.125 0.123 [0.0154 | 0.111 =| 0.111 [0.0123 945 | 61.4 76.8 |0.46 to 0.52/23 to 26 20 
G-2 0.126 10.126 10.0159 | 0.114 |0.117 [0.0133 985 | 61.9 74.0 0.45 to 0.5§2/22.5 to 26 16 
G-3 0.126 0.503 |0.0634 | 0.109 0.447 | 0.0487 3,900 | 61.6 80.0 0.64 32 23 
G-4 0.125 [0.50 |0.0625 | 0.108 [0.446 |0.0482 | 3,800 | 60.8 78.9 0.65 32.5 23 
G-5 0.126 1.00 [0.126 0.111 0.896 [0.0995 7,700 61.1 77.4 0.72 36 21 
G-6 0.125 1.004% 10.1255 | 0.109 |0.902 |0.0982 7,650 | 61.0 71.9 0.77 38.5 22 
G-7 0.126 |2.0 |0.252 | 0.101 1.70 10.1715 | 15,850 | 62.9 92.5 0.86 43 32 
G-8 0.125 2.0 |0.250 0.109 1.80 |0.1962 | 15,800 | 63.1 80.5 0.94 47 21 
G-1A 0.051 0.126 |0.00642} 0.047 0.116 |0.00546 310 | 48.3 56.8 0.50 25 15 
G-2A | 0.051 0.125 [0.00636] 0.047 [0.113 |0.00532 310 | 48.7 58.3 0.45 22.5 16 
G-3A 0.051 0.501 |0.0251 | 0.046 0.471 10.0217 1,230 | 49.0 56.8 0.52 26 a 
G-4a | 0.051 0.502 [0.0251 | 0.047 [0.460 |0.0216 | 1,260 | 50.2 58.4 0.57 28.5 4 
G-5A | 0.051 1.005 |0.0504 | 0.047 [0.925 |0.0435 | 2,450 | 48.7 55.1 0.75 37.5 3 
G-6A 0.051 7.004 |0.0504 } 0.045 0.915 [0.0412 2,550 50.6 61.9 0.65 32.5 18 
G-7A 0.051 2.0 0.102 0.044 1.80 {0.791 5,100 50.0 64.4 0.75 37.5 22 
| 0.051 2.0 0.102 | 0.046 11.78 {0.820 5,050 | 49.5 61.5 0.75 37.5 20 


Two sets of coupons were made, one of 


“0.125-in. thickness and one of 0.05-in. 


thickness. 

The results of these tests are given in 
Table 8. Table 8 shows that the factor 
most affected by the variation in width was 
the per cent elongation in 2 in. By in- 
creasing the width from 0.125 to 2 in., the 
per cent elongations in the specimens of 
0.125-in. thickness were increased 100°;, 
and those in the specimens of 0.051-in. 
thickness 50°. Exaniination of the 
specimens after failure showed that this 
should be expected since the wide speci- 
mens necked down over most of their 
length whereas the narrow specimens 
necked down over only a small part 
of the 2-in. gage length. The change in 
width without a corresponding change in 
specimen length and gage length produced 
specimens that were no longer similar, 
and comparative values of elongation are 
not, of course, to be expected. However, 
the results bring out the need for exer- 


cising care in predicting the behavior of 
steel plating in structures from the results 
of standard tensile tests. 


TESTS OF HOLDING STRENGTH 
OF EVERDUR FILLETS 


SIX specimens were prepared to provide 
4 means of testing the holding strength of 
Everdur fillets. One of these specimens 
after testing is shown in Fig. 8. Ordinary 
flat tensile coupons were cut in halves 
transversely and the halves of each coupon 
were attached with Everdur fillets directly 
opposite each other on opposite sides of a 
2-in. square of 0.06-in. black iron. This 
in effect, provided a double-tee joint in 
the tensile specimen. The helium- 
shielded earbon-are process was used for 
the welding, and the fillets were made 
true to seale in correspondence with the 
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Table 9—Tensile Test of Everdur Fillets in Black Iron 


ines Dimensions a Maximum | Per Cent Location of 
pecimen cxness| Width ress | Stress_|Elongation 
Number inches |*1P8/in® |kips/in®| in 2 Inches Fracture 
1 0.101 0.502 30.8 46.6 16 Fillet 
2 0.100 0.502 30.9 46.0 22 Base Metal* 
3 0.057 0.502 32.4 43.2 23 Base Metal 
4 0.057 0.502 32.5 44.0 24 Base Metal 
6 0.031 0.502 24.5 43.7 22 Base Metal 
7 0.031 0.502 24.1 43.5 22 Base Metal 
* All fractures in the base metal occurred at least '/2 in. from the fillets. 


thickness of the specimen. Two speci- 
mens of each of three thicknesses were 
tested. 

The results of the tensile tests of these 
specimens are presented in Table 9. 
The Everdur fillets as welded were of 
sufficient strength to prevent failure in 
the weld in five out of the six specimens 
tested. The maximum stress, yield stress 
and per cent elongation in 2 in. are con- 
sistent with the values previously ob- 
tained in control specimens. 


CONCLUSIONS 


Everdur brazing using the  helium- 
shielded carbon are does not provide as 
strong nor as ductile a joint as mild-steel 
welding, but Everdur can be used to obtain 
satisfactory welds in material that is too 
thin for steel welding. 

Joints of Everdur in base metal ranging 
in thickness from 0.066 to 0.105 in. will 
sustain an elongation in 2 in. of at least 
5°). In thicknesses less than 0.066 in., 
elongation may be as low as 0.557 and as 
high as 

Everdur provides butt joints that are 
satisfactory both in strength and in due- 
tility when load is applied normal to the 


Tuft--Brazing Thin Sheets 


joint. When thus loaded an as-welded 
joint is of sufficient strength to prevent 
failure in the joint itself. 

The tests which were concerned with the 
effect of width have emphasized the fact 
that the per cent elongation in a standard 
specimen does not alone indicate accu- 
rately the behavior of similar materia 
in a structure. 
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Caterpillar-type tractor base welded by Cole- 
man Bros. with Anaconda “997” (Low-Fuming) 
Rod, supplied by Welding Gas Products Co., 
both of Chattanooga, Tennessee. 


T LOOKED LIKE a costly accident when a cater- 
l pillar-type tractor in Chattanooga cracked its 
2,000-Ib. base. A new base would cost about 
$1,500 with several weeks for delivery. But 
bronze welding came to the rescue! 


Twenty pounds of Anaconda “997” (Low- 
Fuming) Rod was used in the 67-inch weld. 


WELDING RODS 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


Im Canada: ANACONDA AMERICAN Brass LTD. 
New Toronto, Ont. 


AND SEVERAL 
WEEKS’ DOWNTIME 


SAVED 


Grinding, preheating and oxy-acetyiene weld- 
ing took only 20 man-hours. Total cost of repair: 
$225. And the tractor was back on the job in a 
few days. Moral: If your heavy equipment cracks 
or wears down—remember bronze welding. 

Almost any part made of cast iron, steel, mal- 
leable iron, or copper alloys can be bronze 
welded quickly—at small cost. And well-made 
bronze welds in cast iron are stronger than the 
base metal itself. 

Furthermore, with the low temperatures used 
in bronze welding — the weld area surfaces only 
are usually brought to a cherry red heat. This 
means less chance for warping or cracking. 

Get the full story on bronze welding with 
Anaconda Welding Rods. Send for your copy of 
Publication B-13... today. «2150 


BY BRONZE WELDING : 
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A new booklet gives you 


“Facts you should know about 


BIG 


HARDFACING ALLOYS” 


& Send for your free copy, TODAY! eg 


This NEW, FREE booklet by Airco gives you authentic, under- 
standable information for combating wear — caused by abra- 
sion, impact, heat and corrosion. 
Here, you will get facts essential for increasing the service 
life of new parts,and restoring worn parts for additional service. 
In part, this definitive, profusely illustrated booklet gives you: 
e Ahandy, easy-to-understand guide for selecting the proper 
alloy for the proper wear retarding job. 

¢ AHardness Conversion Table. 

A Preheating Chart. 

* A FULL description, and explanation, of Airco’s NEW line of 
Hardfacing Alloys, with specification data, application technique, 
deposit hardness, color markings and deposit analysis. 


If you are interested in increasing the service life of your equip- 
ment from 2 to 25 times, fill in and mail the coupon below for a 
copy of this NEW booklet. Send it to our nearest office or author- 
ized dealer. On West Coast: Air Reduction Pacific Company. 
Represented Internationally by Airco Corporation (Inter- 
national). 

ALSO — FOR ONLY $2.95 — YOU CAN GET A TRIAL ASSORTMENT OF AIRCO’S 
NEW LINE OF HARDFACING ALLOYS . . . A SPECIAL OFFER, AVAILABLE FOR A 


LIMITED TIME ONLY. 
IRCO 


MAIL THIS COUPON TODAY FOR YOUR FREE COPY OF 
AIRCO’S DEFINITIVE HARDFACING BOOKLET 


ws 

Air Reduction, 60 East 42nd Street, New York 17, N. Y. 

(0 Send me a copy of Airco’s New Hardfacing booklet — at NO 
cost to me. 

(CO Here is my check for $2.95 — send me the special package of 
Airco’s Hardfacing Alloys. 


Air REDUCTION 


Offices in All Principal Cities Signed By 
Headquarters for Oxygen, Acetylene and Other Gases . . . Carbide . . . Gas Welding and Addr 
City & State 


Cutting Machines, Apparatus and Supplies . . . Arc Welders, Electrodes and Accessories 
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